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to 
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MCIC-HB-04 


The  original  Handbook  was  prepared  by  Battelle's  Columbus  Laboratories  under  Advanced  Research 
Projects  Agency  (ARPA)  sponsorship,  monitored  by  the  Cryogenics  Division  of  the  National  Bureau 
of  Standards,  and  published  by  the  Metals  and  Ceramics  Information  Center  (MCIC).  This  second 
supplement  was  prepared  under  the  same  sponsorship  to  update  the  information  in  the  initial 
publication. 

This  supplement,  as  does  the  original  handbook,  contains  information  on  the  mechanical,  thermal, 
electrical,  and  magnetic  properties  of  selected  structural  materials  that  might  be  considered  for  compo- 
nents of  superconducting  machinery.  Since  this  information  is  primarily  intended  for  designers  of 
equipment  that  will  be  exposed  to  cryogenic  temperatures,  the  data  are  presented  as  "best-value" 
numbers  from  compilations  of  data  in  the  temperature  range  0 to  300  K. 

This  second  supplement  contains  a new  title  page,  a Foreword  to  the  Second  Supplement,  an  updated 
Table  of  Contents,  new  sheets  for  Sections  1 through  12,  a new  list  of  references,  and  new  Bibliography 
pages. 
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there  are  no  postcards  available,  please  write  to  MCIC  at  the  address  below. 
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FOREWORD 


The  research  program  that  has  led  to  the  preparation  of  this  Handbook  was  supported  by 
the  Advanced  Research  Projects  Agency  (ARPA)  of  the  Department  of  Defense,  with  Dr.  Edward  C. 
Van  Reuth  as  Project  Monitor.  The  Handbook  preparation  task  was  subcontracted  to  Battelle 
Columbus  by  the  Cryogenics  Division  of  the  National  Bureau  of  Standards  under  Contract  No.CST- 
8303  with  Dr.  Richard  P.  Reed  as  Program  Manager  and  Contract  Monitor. 


The  research  program  was  conducted  under  ARPA  Order  No.  2569  and  Program  Code  4D10 
by  the  Metals  and  Ceramics  Information  Center  (MCIC)  with  K.  R.  Hanby  and  H.  J.  Hucek  as  Program 
Managers,  and  E.  A.  Eldridge  and  J.  K.  Thompson  as  Principal  Investigators. 


Contract  No.  CST-8303  includes  two  tasks.  Task  I provided  for  the  compilation  of  low 
temperature  property  data  on  selected  materials  for  structural  applications  in  superconducting 
machinery  and  has  resulted  in  the  production  of  this  Handbook.  Task  II  provided  for  research  on  the 
thermal  expansion  and  specific  heats  at  low  temperatures  for  selected  structural  alloys.  Available 
data  obtained  on  Task  II  are  incorporated  in  this  edition  of  the  Handbook.  Additional  data  from 
other  concurrent  ARPA/NBS  programs  are  included  in  the  First  and  Second  Revisions.  The  effective 
date  for  initiation  of  the  program  was  September  10,  1973,  and  the  contract  expiration  date  was 
January  15,  1977. 


DISCLAIMER 


The  views  and  conclusions  contained  in  this  document  are  those  of  the  authors  and  should 
not  be  interpreted  as  necessarily  representing  the  official  policies,  either  expressed  or  implied,  of 
the  Advanced  Research  Projects  Agency  or  of  the  U.  S.  Government. 
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HANDBOOK  ON  MATERIALS  FOR 
SUPERCONDUCTING  MACHINERY 

o 

1.0  INTRODUCTION 


Recent  advancements  in  the  development  of  superconducting  machinery  have  demonstrated 
that  superconducting  generators,  motors,  transmission  lines,  and  other  electrical  equipment  are 
more  efficient,  occupy  less  space  for  equivalent  capacity,  and  have  other  advantages  over  more 
conventional  equipment.  Because  of  these  advantages,  there  is  considerable  incentive  to  develop 
superconducting  systems  for  certain  military  applications.  New  ship  propulsion  systems  which 
are  being  developed  by  the  Navy  represent  major  developments  in  superconducting  generators, 
motors,  and  controls.  These  developments  involve  considerable  new  design  technology  and  en- 
vironments that  may  expose  the  components  to  cryogenic  temperatures  as  low  as  4 K.  Exposure 
of  structural  materials  to  such  low  temperatures  affects  the  mechanical  and  physical  properties 
of  the  materials.  The  purpose  of  the  Handbook  is  to  provide  a ready  reference  for  designers  on 
the  effects  of  low  temperatures  on  the  properties  of  structural  materials  that  will  be  considered 
in  developing  new  designs  for  superconducting  machinery.  Formats  for  presentation  of  the  me- 
chanical, thermal,  electrical,  and  magnetic  property  data  are  intended  to  provide  best-value  data 
for  the  designer  based  on  currently  available  information.  The  data  also  may  be  used  by  engi- 
neers in  selecting  materials  for  certain  cryogenic  applications.  The  current  list  of  materials  was 
selected  based  on  available  information  and  suitability  for  such  applications.  All  data  are  based  on 
current  state-of-the-art  information. 
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2.0  EXPLANATION  OF  DATA  COLLECTION 
ANO  PRESENTATION 


The  structural  materials  property  data  presented  in  this  Handbook  are  based  on  compilations  of  data 
collected  from  documents  in  the  files  ol  the  Metals  and  Ceramics  Information  Center  (MCIC).  These 
documents  either  were  originally  part  of  the  data  base  of  MCIC  or  were  acquired  as  a result  of  a 
search  of  the  accessions  of  the  Cryogenic  Data  Center,  Cryogenics  Division,  National  Bureau  of  Standards, 
Boulder,  Colorado.  Documents  from  which  the  data  were  obtained  are  listed  in  the  Reference  section 
according  to  MCIC  accession  number.  The  Bibliography,  which  includes  cited  data  references,  lists 
over  900  citations  on  properties  and  applications  of  the  selected  materials.  The  18  references  for  the 
composite  materials  are  listed  at  the  end  of  Section  11,  Composites.  When  more  detailed  information 
is  needed  than  the  best-value  data  presented  in  later  sections  of  this  Handbook,  the  original  sources 
of  the  data  should  be  consulted. 

Data  from  the  original  sources  were  collected  on  the  selected  materials  {discussed  in  Section  3)  within 
the  following  categories  over  the  temperature  range  0 to  300  K: 

(a)  Mechanical  properties  (Includes  weld  properties) 

(b)  Thermal  properties 

Thermal  conductivity* 

Thermal  expansion 
Specific  Heat 

(c)  Electrical  resistivity 
id)  Magnetoresistance 
(e)  Magnetic  properties. 

2.1  Mechanical  Properties 

After  compiling  the  available  mechanical  property  data  from  the  original  sources,  the  major  objective 
was  to  reduce  the  data  on  metals,  welds,  composites,  and  polymers  to  best  values  and  to  present  the 
best-value  data  in  formats  that  could  be  used  effectively  by  designers  in  developing  new  concepts  in 
superconducting  machinery.  In  general,  the  available  data  for  any  of  the  parameters  was  not  sufficient 
for  any  material  in  the  cryogenic  range  to  permit  a statistical  analysis  to  yield  A or  B basis  (minimum 
design)  values  as  in  MIL-HDBK-5.  However,  judgment  was  used  in  analyzing  the  available  data  in  order 
to  arrive  at  best-value  numbers  for  the  various  parameters  based  on  the  available  data.  The  best-value 
numbers  are  averages  obtained  usually  from  a series  of  tests  from  one  or  more  sources  on  individual 
specimens.  From  some  sources,  only  average  data  and  not  individual  specimen  data  were  available 
for  the  mechanical  property  parameters.  If  information  was  available  on  the  number  of  specimens 
tested  in  obtaining  the  original  average  value,  the  number  of  specimens  was  taken  into  consideration  in 
arriving  at  the  overall  average  or  best  value.  If  information  was  not  available  on  the  number  of  speci- 
mens tested  in  arriving  at  an  original  average  value,  the  average  value  reported  was  considered  the  same 
as  that  for  a single  specimen  in  calculating  the  overall  average.  If  tensile  ultimate  strength  or  tensile 
yield  strength  data  were  available  for  eight  or  more  replicate  specimens,  standard  deviations  were 
determined  and  are  included  in  the  tabulations.  If  the  original  input  data  include  average  values,  the 
results  will  not  be  true  standard  deviations,  but  will  be  the  best  that  can  be  determined  from  the 
available  sources. 

Data  include  the  effects  of  magnetic  fields  on  thermal  conductivity.  12< 
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Data  that  were  not  representative  of  normally  produced  material  (i.e.,  material  with  unusual  impurity 
levels,  unusual  grain  sizes,  etc.)  were  not  included  in  the  compilations.  Furthermore,  if  the  heat 
treatment,  form,  or  dimensions  (thickness,  diameter,  etc.)  of  the  material  were  not  given  or  if  specimen 
orientation  or  other  significant  information  on  the  specimens  or  test  methods  was  not  given  in  the 
original  source,  the  data  were  omitted  from  the  compilations.  When  data  points  occurred  outside  the 
range  of  the  usual  scatter  of  data  points  (outriders),  the  original  source  was  reviewed  to  determine  any 
unusual  factors  that  would  contribute  to  the  variation.  Such  an  examination  usually  provided  a basis 
for  omitting  the  outriding  points. 

Typical  formats  for  compiling  best  values  for  mechanical  property  parameters  for  metals,  alloys,  and 
polymers  are  shown  in  Tables  2.1,  2.2,  and  2.3.  The  same  formats  were  used  to  report  weld  data  when 
it  was  available.  The  parameters  in  Table  2.1  are  for  tensile  properties.  Most  of  the  available  mechani- 
cal property  data  at  cryogenic  temperatures  is  limited  to  tensile  data.  When  compressive,  shear,  impact, 
fracture  toughness,  and/or  fatigue  data  were  available  for  any  of  the  materials,  the  corresponding 
formats  in  Tables  2.2  and/or  2.3  were  used  in  recording  the  best-value  data. 

Typical  formats  for  compiling  best  values  for  mechanical  properties  of  composite  materials  are  shown 
in  Tables  2.4,  2.b,  and  2.6.  Data  are  reported  for  uniaxial  laminates  and  for  woven-cloth  reinforced 
composites,  uniaxial  laminate  data  include  key  mechanical  properties  required  for  prediction  of 
crossply  properties  using  macromechanicai  composite  theory,  whenever  such  data  were  available. 

The  highly-anisotropic  mechanical  properties  of  composite  materials  require  referencing  of  the  properties 
to  the  direction  of  fiber  reinforcement.  Tensile,  compressive  and  impact  data,  Tables  2.4  and  2.5,  are 
reported  for  longitudinal  and  transverse  directions  of  uniaxial  composites.  The  sheet-normal  direction 
is  included  in  the  compressive  data  format.  This  refers  to  loading  directions  parallel  to  and  at  right 
angles  to  the  fiber  direction,  plus  a direction  normal  to  the  plane  of  pressing  in  sheet  material  (press- 
cure  direction).  For  composites  reinforced  with  woven  cloth,  the  longitudinal  direction  is  taken  as 
the  warp  direction  and  the  transverse  direction  is  taken  as  the  fill  direction.  Crossply  composites 
frequently  display  an  initial  and  secondary  modulus  during  the  initial  load  cycle;  consequently,  both 
moduli  and  the  strength  corresponding  to  the  change  in  modulus  are  reported  when  data  were  available. 
Most  composite  data  are  reported  as  average  and  minimum  reported  values.  However,  compressive 
strength  data  are  reported  as  maximum,  average,  and  minimum  values.  Here,  the  maximum  value  is 
the  most  significant,  as  the  average  of  compressive  strength  data  tends  to  become  strongly  biased 
toward  low  values  due  to  experimental  difficulties. 

Composite  interlaminar  shear  refers  to  shear  between  adjacent  layers  in  a layered  laminate.  Composite 
in-plane  shear  refers  to  shear  between  parallel  fibers  in  the  plane  of  the  fibers. 

Available  composite  fatigue  data  are  presented  graphically  in  the  format  shown  in  Table  2.6.  In  many 
applications,  the  useful  fatigue  life  of  composite  structures  will  be  limited  by  a decrease  in  modulus 
rather  than  ultimate  fracture.  The  format  of  Table  2.6  permits  data  on  modulus  decrement  to  be 
included  when  available. 

Data  on  Tables  2.4,  2.5,  and  2.6  reflect  best  values  from  flat  coupons,  rods  or  bulk  specimens  produced 
from  preimpregnated  tape  except  where  noted.  References  are  provided  for  each  value  to  facilitate 
consolation  of  the  original  source  for  additional  information  on  test  procedures. 

It  is  possible  to  fabricate  composites  with  widely  varying  fiber  volume  fractions  and  widely  varying 
properties.  Most  available  data  have  been  generated  for  the  nominal  fiber  volume  fractions  reported 
in  the  tables,  corresponding  to  the  fiber  content  in  off-the-shelf  preimpregnated  materials. 
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In  most  instances,  the  property  data  were  added  to  the  original  compilation  tables  only  when  such  data 
were  reported  for  tests  at  77  K (-320  F)  or  lower.  When  test  data  were  reported  for  tests  at  77  K or 
lower,  all  of  the  test  data  in  the  range  0 to  300  K were  added  to  the  original  compilation  tables.  This 
method  of  selecting  the  data  eliminated  much  of  the  data  that  would  not  be  significant  when 
considering  cryogenic  properties. 

The  headings  in  the  tables  indicate  the  alloy,  welding  method,  polymer,  or  composite  designation  from 
the  list  presented  in  Section  3.  If  a specification  was  identified  for  the  material,  the  specification  is 
identified  in  the  heading.  For  metals  and  alloys  and  welds,  thicknesses  or  diameters  of  the  material  in 
the  form  identified  are  given  in  the  heading  for  limited  ranges,  since  the  size  may  have  a significant  effect 
on  the  properties.  The  size  ranges  are  as  follows: 

Sheet,  Plate,  and  Flat  Forgings  and  Extrusions  (Thickness): 

Up  to  0.099  cm  (0.039  in.) 

0.100  to  0.319  cm  (0.040  to  0.125  in.) 

0.320  to  0.634  cm  (0.126  to  0.249  in.) 

0.635  to  1 .269  cm  (0.250  to  0.499  in.) 

1.270  to  2.540  cm  (0.500  to  1.000  in.) 

2.541  to  5.080  cm  (1.001  to  2.000  in.) 

Over  5.080  cm  (2.000  in.) 

Bar  Stock,  Forged  Stock,  and  Non-Flat  Extrusions 
(Diameter  or  Thickness): 

Up  to  2.540  cm  (1.000  in.) 

2.541  to  5.080  cm  (1.001  to  2.000  in.) 

Over  5.080  cm  (2.000  in.) 

Data  for  the  same  alloy  type  and  thickness  range  may  be  available  for  several  different  heat  treatments 
and/or  mill  processing  conditions.  Data  for  the  alloy  are  presented  for  these  various  conditions  if 
they  might  be  considered  for  components  which  will  be  exposed  to  low  temperatures  in  service. 

The  first  column  in  the  mechanical  property  tables  indicates  the  parameters  and  units.  Bold  face 
type  is  used  for  the  parameters  and  best-value  numbers  (indicated  as  "Avg")  so  they  will  stand  out 
from  the  other  numbers.  The  next  column  in  the  tables  is  for  room  temperature  data  which  usually 
are  obtained  in  the  range  291  to  300  K (65  to  80  F).  The  heading  for  this  column  is  297  K (75  F). 
Another  key  temperature  range  for  low  temperature  mechanical  property  tests  is  obtained  by  cooling 
an  organic  liquid  with  dry  ice.  Indicated  temperatures  for  this  type  of  low- temperature  bath  are 
200  to  193  K (-100  to  -112  F).  To  simplify  the  tabulations,  tests  made  in  dry-ice  baths  are  indicated 
at  195  K (-108  F).  Tests  made  with  the  specimens  in  liquid  nitrogen,  liquid  hydrogen,  and  liquid 
helium  are  indicated  at  77  K (-320  F),  20  K (-423  F),  and  4 K (-452  F),  respectively.  For  test  data 
obtained  at  intermediate  temperatures  such  as  144  K (-200  F),  the  data  are  presented  in  separate 
columns  with  the  testing  temperature  indicated  in  the  column  heading. 

The  primary  units  in  the  tables  are  SI  units  with  corresponding  English  units  in  parentheses.  Values 
for  stress  and  energy  in  SI  units  were  generally  converted  from  English  units.  In  most  instances,  the 
average  values  in  English  units  were  not  rounded  off  until  after  converting  to  the  SI  units.  The 
English  units  were  then  rounded  off  usually  to  three  digits  for  presentation  in  the  tables.  Because 
the  English  units  were  rounded  off  after  conversion,  conversion  of  the  three-digit  numbers  will  not 
always  result  in  the  corresponding  converted  SI  units  in  the  tables. 
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Abbreviations  used  in  the  mechanical  property  tables  have  the  following  meanings: 

TUS  • Tensile  ultimate  strength 

TPL  - Tensile  proportional  limit 

TYS  - Tensile  yield  strength 

Elong.  • Elongation 

RA  - Reduction  in  area 

E - Young's  modulus 

E-j  - Initial  Young's  modulus  (composites) 

E2  - Secondary  Young's  modulus  (composites) 

SE-)  - Strength  at  transition  between  E-j  and  E2 

NTS  - Notched  tensile  strength 

CUS  - Compressive  ultimate  strength 

CPL  - Compressive  proportional  limit 

Ec  - Elastic  modulus  in  compression 

SUS  - Shear  ultimate  strength 

SPL  - Shear  proportional  limit 

G - Shear  modulus 

Long.  - Longitudinal  orientation 

T rans.  - T ransverse  orientation 

K|c  - Plane  strain  intensity  factor  obtained  on  precracked  bend  or  compact 
specimens  according  to  ASTM  E399 

K|£  - Plane  strain  stress  intensity  factor  obtained  on  part- through  surface-crack 

specimens  (requirements  for  validity  of  these  tests  have  not  been  established, 
but  selected  data  are  included  in  the  compilations  to  indicate  the  trends  in 
the  results  that  have  been  obtained  according  to  the  current  state  of  the  art) 

Sfyj  - The  greatest  stress  which  can  be  sustained  for  a given  number  of  cycles 
without  fracture 

Hz  - Hertz,  number  of  cycles  per  second 

R - Fatigue  ratio,  algebraic  ratio  of  the  minimum  stress  to  the  maximum  stress  in 
one  cycle 

Kt  • Stress  concentration  factor 
S-N 

Curves  - Plots  of  stress  against  number  of  cycles  to  failure  on  testing. 

Overall  average  data  (best-value)  for  tensile  and  yield  strengths  of  selected  materials  are  plotted  in 
graphical  formats  to  show  trends  in  these  properties  over  the  temperature  range  from  0 to  300  K. 

If  a need  occurs  for  comparing  the  tensile  properties  of  several  materials  over  this  temperature  range, 
the  appropriate  graphs  may  be  copied  and  additional  data  from  tables  for  other  materials  may  be 
added  to  achieve  the  comparisons  that  are  desired. 


2.2  Thermal  Properties 

Low  temperature  data  (in  the  0 to  300  K range)  on  the  thermal  conductivity,  thermal  expansion,  and 
specific  heat  of  materials  identified  in  Section  3 have  been  collected  and  organized.  The  data  are  re- 
presentative for  metals  in  the  annealed  condition  and  for  composites  in  the  as-fabricated  condition, 
unless  otherwise  noted.  All  the  available  thermal  property  data  for  the  various  metals  and  alloys  were 
plotted  and  curves  were  visually  fitted.  Data  read  from  these  curves  are  presented  in  tables  at  selected 
temperatures  in  both  SI  and  English  units  according  to  the  format  shown  in  Table  2.7.  Data  for 
composite  materials  obtained  directly  from  the  referenced  literature  is  presented  in  the  format  of 
Table  2.8.  The  English  units  are  shown  in  parentheses.  Data  recorded  in  the  superconducting  state 
are  marked  (s)  while  data  recorded  in  the  normal  state  are  marked  (n). 

Thermal  conductivity  and  specific  heat  data  were  expanded  in  the  low  temperature  range  by  the  use 
of  log-log  plots.  In  some  areas,  extra  curves  were  included  to  further  expand  the  lower  temperature 
data  for  better  readability. 

The  thermal  expansion  data  have  been  referenced  to  273  K (32  F).  The  trends  of  the  thermal  expan- 
sion data  did  not  change  rapidly  at  the  lower  temperatures  and  therefore  there  was  no  need  to  expand 
the  data  in  the  low  temperature  range. 

Impurities,  heat  treatment,  and  other  conditions  affect  the  low  temperature  properties  of  the  materials. 
In  *ome  cases,  curves  showing  the  effects  of  these  variations  are  included  on  the  same  graph. 

Table  2.9  is  a list  of  conversion  factors  that  can  be  used  to  convert  data  to  SI  units  or  other  familiar 
units. 


2.3  Electrical  Resistivity 

The  electrical  resistivity  of  materials  listed  in  Section  3 have  been  collected  and  organized  in  the  tem- 
perature range  from  0 to  300  K.  The  data  are  representative  for  metals  and  alloys  in  the  annealed 
condition  and  for  composites  in  the  as-fabricated  condition,  unless  otherwise  noted.  The  data  for  the 
various  metals  and  alloys  were  plotted  and  curves  were  visually  fitted.  Data  read  from  these  curves 
are  presented  in  tables  at  selected  temperatures  in  both  SI  anr’.  English  units  along  with  the  thermal 
properties  in  the  format  shown  in  Table  2.7.  Data  for  composite  materials  obtained  directh'  from  the 
referenced  literature  are  presented  in  the  format  in  Table  2.8. 

Electrical  resistivity  data  were  expanded  in  the  low  temperature  range  by  using  log-log  plots. 

Impurities,  variation  in  heat  treatment,  and  other  conditions  affect  the  low  temperature  electrical 
resistivity  of  the  materials.  Several  graphs  show  how  these  variables  affect  the  electrical  resistivity  at 
low  temperatures. 

A list  of  conversion  factors  for  electrical  resistivity  are  also  included  in  Table  2.9. 
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2.4  Magnetic  Properties 


Structural  Materials 

F or  the  structural  materials  of  specific  interest  in  the  development  of  superconducting  machinery, 
some  efforts  to  determine  their  magnetic  properties  have  been  noted  for  at  least  the  last  25  years. 
However,  recent  interest  in  cryogenic  structural  applications. has  brought  forth  a resurgence  of  magnetic 
property  determinations.  Most  of  the  data  available  from  the  scientific  and  technical  literature  is  either 
in  the  form  of  magnetization  (M)  determination.:  or  magnetic  susceptibility  (k  or  x)  determinations  at 
various  cryogenic  temperatures  of  research  interest.  This  is  the  case  because  the  magnetic  permeability 
(p)  of  these  materials  generally  differs  from  unity  by  only  a very  small  amount  (in  cgsem  units). 

If  available  from  the  literature,  values  of  k are  reported  in  the  magnetic  property  tables  in  this  Handbook, 
since  in  some  cases  they  provide  a more  useful  alternative  to  p.  The  volume  susceptibility,  k,  is  obtained 
from  reported  values  of  x,  the  mass  susceptibility,  by  multiplying  the  latter  by  the  density  of  the  ma- 
terial, p.  Values  of  k are  given  in  mksa  units  ( as  used  in  the  SI  system)  which  are  An  times  the  cgsem 
units  generally  used  in  the  scientific  literature.  In  some  cases,  particularly  where  no  variation  in  p 
may  be  discerned  within  computational  limits,  x is  also  reported  in  the  tables. 

In  the  magnetic  property  tables,  p is  also  reported  in  mksa  units.  To  obtain  p in  mksa  units,  p in  cgsem 
units  is  multiplied  by  47t  x 10"?.  In  the  cgsem  system,  p = 4rrk  + 1.  Therefore, 

^mksa  = {47rkCgsem  + f ) 4rr  x 10^. 

For  the  structural  materials  of  interest,  this  relation  produces  extremely  small  numerical  values  of  p,  but 
these  satisfy  the  criterion  of  the  consistent  use  of  SI  units  for  the  principal  values  reported  in  the  tables. 

It  may  be  noted  from  the  magnetic  property  tables  that  p is  somewhat  dependent  on  the  magnetizing 
force  < H)  applied  to  the  material,  even  for  the  materials  that  have  a low  value  of  intrinsic  magnetism. 

It  may  also  be  noted  that  copper  is  diamagnetic,  producing  magnetic  moments  that  oppose  the  applied 
magnetic  field;  hence,  the  susceptibilities  are  shown  with  a negative  sign. 

Superconductive  Materials 

In  correlating  property  data  for  a given  superconductive  material,  or  group  of  materials,  to  achieve 
optimum  design  in  superconducting  machinery,  it  is  desirable  to  have  data  on  critical  current  density 
(Jc)  versus  temperature  (for  a given  applied  magnetic  field)  or  on  critical  field  (Hc)  versus  temperature 
(for  a given  current  density).  Although  a large  research  effort  has  been  carried  out  during  the  past 
decade  to  determine  the  superconducting  properties  of  various  materials  of  technical  interest,  nearly 
all  of  the  data  produced  has  been  in  the  form  of  Jc  versus  H (for  a given  temperature).  The  majority 
of  this  experimental  data  was  obtained  at  4.2  K.  Although  working  with  these  data  may  require  con- 
siderable extrapolation  on  the  part  of  the  design  engineer,  it  is  all  that  the  scientific  literature  provides 
at  the  present  time.  Therefore,  most  of  the  superconducting  property  data  presented  in  this  Handbook 
is  in  the  form  of  plots  of  Jc  versus  H.  Data  on  the  critical  lor  transition ) temperature  has  been  given  if 
available.  It  may  be  noted  from  the  data  presented  that  superconductivity  is  a very  structure-sensitive 
property  for  any  given  composition. 
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S pacification: 
form: 


Thickness,  cm  (in.): 
Condition: 
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References: 

(»l  Ksi  x 6.095  - MN/m2 
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TABLE  2.4 


Composite  Class: 


Specification: 

Layup: 

Nominal  fiber  volume  fraction: 
Nominal  ply  thickness: 


Fiber: 

Matrix: 

Nominal  density: 
Comments: 


Testing  Temperature,  K (F) 


Tension,  Longitudinal  (0°)'®) 


TUS,  MN/m2  (ksi) 
References 
Ei.  GN/m2  (10®  psi) 
References: 
SE^.MN/mZ  (ksi) 

References: 

E2  GN/m2  (106  psi) 
References: 

TPL,  MN/m2  (ksi) 
References: 

Failure  Strain,  10-2 

References: 

Poisson's  Ratio 
References: 

NTS,  MN/m2  (ksi) 

»'tc 

References: 

NTS,  MN/m2  (ksi) 

Kf 

References: 

Tensi 

Tension,  Transverse  (90° 


297 

IE5HI 

195 

BSP 

h BSSIEPKSPIj 

TUS,  MN/m2  (ksi) 
References: 

Avg 

Min 

E1,GN/m2(106psi) 

References: 

Avg 

Min 

SEj,  MN/m2  (ksi) 
References: 

Avg 

Min 

E2,  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

Failure  Strain,  10‘2 
References: 
Poisson's  Ratio 
References: 

Avg 

Min 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Raferences: 

Min 

NTS,  MN/m2  (ksi) 

Avg 

*t‘ 

Min 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 


TABLE  2.5 


Specification: 

Fiber: 

Layup: 

Matrix : 

Nominal  fiber  volume  fraction: 

Nominal  density 

Nominal  ply  thickness: 

Comments: 

Testing  Temperature,  K (F) 

Compression,  Longitudinal  (0° 

CUS,  MN/m2  (ksi)  Ms 

Av 
Mi 

References: 

CPL,  MN/m2  (ksi)  Ms 

Av 

Mi 

References: 

E,  GN/m2  (106  psi)  Av 

Mi 

References: 

Compression,  Transverse  (90°)^ 


CUS,  MN/m2  (ksi) 
References: 

Max 

Avg 

Min 

CPL.  MN/m2  (ksi) 
References: 

Max 

Avg 

Min 

E,  GN/m2  (106  psi) 
References: 
In-Plane  Shear 

Avg 

Min 

SUS,  MN/m2  (ksi) 
References: 

Avg 

Min 

SPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

G,  GN/m2  (10®  p$i) 
References: 
Interlaminar  Shear 

Avg 

Min 

SUS,  MN/m2  (ksi) 
References: 

Avg 

Mm 

SPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

G,  GN/m2  (10®  psi) 
References: 

Avg 

Min 

Impact,  Charpy  V(Cv),  laod(l) 
Long.,  (0° ) J (ft-lb)fo)  > 


Trans.,  (90°)  J(ft-lb)(b)  Avg 

Min 

References: 

Sheet,  Normal,  J (ft-lb)^  Av{ 

Min 

References: 

(a)  Warp  direction  in  woven  cloth 

(b)  Fill  direction  in  woven  cloth. 

(c)  Press  cure  direction. 


/TUS 


Specification: 

Form: 

Dimeruion: 

Condition: 


Testing  Temperature  K (F) 


273  (32)  100  (-280)  50  (-370)  20  (-423)  10  (442) 


TABLE  2.8 


Composite  Claw: 


Type: 


Specification: 

Layup: 

Nominal  fiber  volume  fraction: 
Nominal  ply  thickness: 


Fiber: 

Matrix; 

Nominal  density  : 
Comments: 


Testing  Temperature,  K (F) 


Thermal  Conductivity 

Longitudinal  (0° 
Watts  nr"*  K'1 
Btu  hr*  ft1  F1 
References: 

11 

Transverse  (90°)(b) 
Watts  m1  K'1 
Btu  hr'*  ft  1 F'1 
References: 

Avg 

Avg 

Sheet  Normal^ 
Watts  m1  K'1 
Btu  hr*  ft1  F* 
References: 

Avg 

Avg 

Thermal  Expansion 

Longitudinal  (0°)(a! 
10-6  AL/L 
References: 

Avg 

Transverse  (90°)(W 
10-6  A L/L 
References: 

Avg 

Sheet  Normal^) 
10-6  a I L 
References: 

Avg 

Specific  Heat 

Joules  kg"1  K'* 
Btu  lb  -*  F'1 
References: 

Avg 

Avg 

Electrical  Resistivity 

Longitudinal  (0°)(a^ 
Ohm  m 
References: 

Avg 

Transverse  (90°)(b) 
Ohm  m 
References: 

Avg 

Sheet  Normal  (c) 
Ohm  m 
References: 

Avg 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cltoh. 

(c)  Press  cure  direction. 

297  (75) 


195  1-108)  77  f-320)  20  (-423)  4 


(452) 
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TABLE  2.7 


Conversion  Factors 


Temoerature  OPTS) 

°F  = 9/5  °C  + 32  °K“  5/9  (°F  + 459.67) 

* 9/5  (°K-273.15)  + 32  - °C  + 273.15 

■ °R  • 459.67  * 5/9  °R 

To  Convert  To 

From 

Multiply  By 

Thermal  Conductivity  and  Magnetothermal  Conductivity  {Thermochemical  Units) 

•Watts  m-1  K 1 

Btu  hrl  ffl  F-1 

1.730 

Btu  in.  hrl  ft*2  F*1 

1.441  x 10*1 

Cal  sec'1  cm-1  C-1 

4.184  x 102 

Watts  cm*1  C-1 

1 x 1Q2 

Btu  hr1  fr1  F*1 

•Watts  m-1  K-1 

5.782  x 10-1 

Watts  cm-1  c*1 

57.82 

Cal  sec-1  cm*1  C-1 

2.419  x 102 

Btu  in.  hrl  ft-2  F*1 

8.333  x 10-2 

Specific  Heat  (Thermochemical  Units) 

•Joules  kg  ')  K-1 

Btu  lb-1  F-1 

4.184  x 103 

Cal  g-1  C-1 

4.184  x 103 

Btu  lb-1  F-1 

•Joules  kg-1  K*1 

2.390  x 10-4 

Cal  g-1  C-1 

1 

Thermal  Expansion 

Percent 

*m  m-1 

in.  in.-l 

cm  cm-1 

Electrical  Resistivity 

•Ohm  m 

Ohm  circular  mil  ft*1 

1.662  x 10'9 

Ohm  cm 

1 x 10*2 

Ohm  circular  mil  ft'1 

•Ohm  m 

6.015  x 108 

Ohm  cm 

6.015  x 10® 

* SI  Units 


* v. 

E6< 
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3.0  SELECTED  MATERIALS  FOR  DATA  COLLECTION 


Materials  selected  for  data  collection  for  the  second  revision  of  this  Handbook  are  presented  in  Table  3.1. 
These  materials  have  been  selected  from  the  following  classes  of  materials: 


Aluminum  and  aluminum  alloys 

Copper  and  copper  alloys 

Nickel  alloys 

Alloy  steels 

Stainless  steels 

Titanium  and  titanium  alloys 

Special  metals  and  alloys 

Composites 

Polymers 

The  two  major  factors  that  were  considered  in  selecting  these  materials  were  {1 ) is  the  material 
suitable  for  certain  cryogenic  components  or  does  it  have  certain  intrinsic  properties  at  cryogenic 
temperatures  for  superconducting  machinery? and  (2)  are  property  data  available  on  the  material  at 
cryogenic  temperatures? 


This  second  revision  also  includes  properties  of  welded  materials  where  information  was  available. 
When  data  is  reported,  the  welding  method,  the  type  of  filler  metal,  test  direction,  and  test  material 
(i.e.,  weld  metal,  or  base  material  plus  weld  metal)  is  given. 


Because  of  certain  aerospace  applications,  a considerable  amount  of  data  at  cryogenic  temperatures 
are  available  in  the  literature  on  alloys  such  as  2219  aluminum  alloy.  Type  301  stainless  steel,  and 
Ti-5AI-2.5Sn  alloy.  For  other  materials,  applicable  data  from  the  literature  may  be  limited  to  a few 
references  or  may  not  be  available. 

The  heat  treatments  and/or  processing  conditions  for  the  selected  alloys  are  intended  to  represent 
conditions  that  would  be  most  appropriate  for  cryogenic  applications,  e.g.,  conditions  that  would 
yield  a suitable  degree  of  toughness  at  cryogenic  temperatures.  At  the  same  time,  the  condition  of  the 
alloy  should  be  such  that  it  represents  a reasonable  strength  level  for  the  alloy.  As  an  example, 
mechanical  property  data  are  presented  for  welded  Ti-6Al-4V  (ELI)  alloy  in  the  solution-treated, 
annealed  condition.  The  annealed  alloy  has  better  toughness  and  develops  high  strength  at  very  low 
temperatures.  Both  the  extra  low  interstitial  (ELI)  and  the  normal  interstitial  content  versions  of  the 
alloy  are  considered  although  the  alloy  with  normal  interstitial  levels  has  lower  ductility  and 
toughness. 

The  materials  listed  in  Table  3.1  are  divided  into  numbered  sections  and  subsections  to  permit  adding 
other  materials  within  each  section  and  subsection  while  retaining  the  same  numbering  system  for 
presenting  the  data. 

The  numbering  system  used  fur  the  metals  and  a1  oys  is  carried  through  to  the  tables  and  graphs  with 
additional  code  letters  to  identify  the  properties  presented.  The  code  letters  are  as  follows: 


ME  Mechanical  properties 

C Thermal  conductivity 

E Thermal  expansion 

S Specific  heat 

R Electrical  resistivity 

TR  Combined  thermal  and  resistance  properties 
MR  Magnetoresistance 

MA  Magnetic  properties 

Thus,  the  first  graph  on  thermal  conductivity  of  1 100  aluminum  will  be  Figure  4.1.4-C1 . The  alloy 
code  number  4.1.4  is  for  1 100  aluminum,  the  C indicates  thermal  conductivity,  and  the  1 is  for  the 
first  figure  of  the  series.  Figures  for  thermal  conductivity  of  1 100  aluminum  for  any  temper  will  be 
found  in  this  series.  The  data  on  welded  alloys  are  indicated  in  the  mechanical  properties  (ME)  sections 
of  the  appropriate  alloy  section. 


A 


TABLE  3.1.  NOMINAL  COMPOSITIONS  OF  ALLOYS  AND  CORRESPONDING  SECTION  NUMBERS 


Section 

— 

— 

4.0.0 

Aluminum  and  Aluminum  Alloys 

Unified 

4.1.0 

Unalloyed 

No. 

Composition  In  Weight  Percent**’ 

4.1.1 

99. 99 A 1 

A91199 

K— 

4.1.2 

EC 

A91145 

(99.45  min  All 

4.1.3 

1050 

A91050 

0.25 

0.05 

0.05  0.05 

0.05 

(99.50  min  Al),  0.40Fe 

4.1.4 

1100 

A91100 

1 ,0(Si+  Fe> 

0.05-0.20 

0.05 

0.10 

(99.00  min  All 

4.2.0 

2000  Series 

4.2.1 

2014 

A92Q14 

0.5-1 .2 

3.9-5 .0 

0.4-1 .2  0.2-0.8 

0.10 

0.25 

0.7Fe,  0.1 5Ti 

4.2.2 

2219 

A92219 

0.20 

5.8-6.8 

0.2-0.4  0.02 

0.10 

0.3Fe,  0.02-0.10Ti 

4.2.3 

2024 

A92024 

4.5 

0.6  1 .5 

4.3.0 

5000  Series 

4.3.1 

5083 

A95083 

0.40 

0.10 

0.4-1 .0  4.Q-4.9 

0.050.25 

0.25 

0.4Fe,  0.1 5Ti 

4.3.2 

5456 

A95456 

0.15 

0.7  0.5 

0.15 

4.4.0 

6000  Series 

4.4.1 

6061 

A96061 

0.4-0.8 

0.16-0.40 

0.16  0.8-1 .2 

0.040.35 

0.25 

0.7Fe,  0.1 5Ti 

4.5.0 

7000  Series 

4.5.1 

7039 

A97039 

0.30  max 

0.10  max 

0.25  2.8 

020 

4.0 

0.4  max  Fe,  0.10  max  Ti 

4.5.2 

7005 

A97005 

0.35  max 

0.10  max 

0.2-0.7  1.0-1 .8 

0.060.20 

4. 2 -5.0 

0.0l-0.06Ti,  0.06-0.20Zr, 

0.35  max  Fe 

4.5.3 

7006 

- 

0.10 

0.04 

0.22  2.24 

0.12 

4.10 

0.17Fe,  0.01T1 

5.0.0 

Copper  end  Copper  Alloys 

CDA 

Composition  in  Weight 

Percent*8* 

5.1.1 

99.96Cu 

C10100 

101 

99.96+ 

0.0003  max  P,  0.001  max  Pb 

5.1.2 

Electrolytic 

Cl  1000 

110 

99.9+ 

Tough  Pitch 

5.1.3 

OFHC 

C10200 

102 

99.95 

5.1.4 

Phosphorized 

C12200 

122 

99.9+ 

0.02P 

5.2.0 

Cu-Zn  Alloys 

5.2.1 

80Cu-20Zn 

C24000 

240 

80  0.05  max  0.05  max 

20 

5.2.2 

70Cu-30Zn 

C26000 

260 

70  0.07  max  0.05  max 

30 

5.2.4 

90Cu-10Zn 

C22000 

220 

90  0.05  max  0.05  max 

10 

5.3.0 

Cu-Ni  Alloys 

5.3.1 

90Cu-10Ni 

C70600 

706 

Bal.  0.05  max  1.0 

I.OMn,  9.0-1 1.ONi 

5.3.2 

80Cu-20Ni 

C71000 

710 

Bal . 0.05  max  1 .0  max 

1 .0  max 

1.0  max  Mn,  19.0-23.0Ni 

5.3.3 

70Cu-30Ni 

C71500 

716 

Bal.  0.05  max  0.4-0.7 

1.0  max 

1 .0  max 

Mn,  29.0-33.0Ni 

5.4.0 

Cu-Be  Alloys 

5.4.1 

Cu  Be(1. 6-1. 8) 

C17000 

170 

Bal. 

1.6-1.8Be,  0.20-.40CO 

5.4.2 

Cu-Bell.  8-2.0) 

Cl  7200 

172 

Bal. 

1 .8-2.0Be,  0.20  min  (Ni+Coi 

0.60  max  (Ni+Co+Fe) 

5.5.0 

Cu-Sn  Alloys 

5.5.1 

95Cu-5Sn 

C51800 

518 

Bal.  0.02  max 

4.0-6.QSn,  0.10-Q.35P 

5.5.2 

92Cu-8Sn 

C62100 

521 

Bal.  0.05  max  0.10  max 

0.20  max 

7.0-9.0Sn,  0.03-0. 35P 

5.5.3 

90Cu-10Sn 

C52400 

524 

Bal.  0.05  max  0.10  max 

0.20  max 

9.0-1 1.OSn,  0.03-0. 35P 

5.6.0 

Cu-Zr  Alloy 

6.6.1 

Cu-0.2Zr 

Cl  5000 

150 

99.8 

0.10-0.20Zr 

(Amzirc) 

5.7.0 

Cu-Cr-Cd  Alloy 

5.7.1 

Cu-0.4Cr-0.4Cd 

- 

- 

Bal. 

0.4Cr,  0.4Cd  (Te  deox. I 

(PD-1361 

• 

(a)  max  • maximum,  min  ■ minimum. 
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TABLE  3.1.  (Continued) 


Section 


SB.Q 

5.8.1 

55.2 

55.3 

5.9.1 
6.0.0 

Cu-Al-O-, 

Alloys 

' Cu+0.2A12O3  (AL-10) 

Cu+0.7At2O3  (AL-36) 

Cu+1.1AI203  <AL-60) 

(GlidCop 
Alloys) 

Cu-A!  C61400 

Nickel  and  Cobalt  AHoys 
Unified 
No. 

- 

Bal. 

Bal. 

Bal. 

0.2AI2O3  dispersion 
0.7AI2O3  dispersion 
1.1AI203  dispersion 

6.05 .0AL  1 0 max  Mn 

0.01  max  Pb,  2.5Fe,  0.20  max  Zn 

Composition  in  Weight  Percent^** 

6 1.0 

Ni-Cu  Alloy 

System 

Ni 

Cr 

Fe 

Mn  Si 

C 

Others 

6.1.1 

K Monel 

N06500 

Bal. 

1.0 

0.6  0-16 

0.15 

29.5Cu,  2.8AI,  0.5Ti 

(K-500) 

6.2.0 

Ni-Cr-Fa  AHoys 

6.2.1 

Inconel  600 

N 06600 

Bal. 

16.8 

7.2 

0.2  0.2 

0.04 

O.IOCu 

6.2.2 

Inconel  X-750 

N07750 

Bal. 

16.0 

6.76 

0.7 

0.04 

05 Al,  2.5TI,  055Nb 

6.2.3 

Inconel  718 

N07718 

Bal. 

18.6 

18.6 

0.04 

0.4 Al.  0.9TL  5.0Nb,  3.1  Mo 

6.2.4 

Inconel  706 

N09706 

39-44 

16 

Bal. 

0.35  0.35 

0.06 

0.35  max  Al,  0.015.02B, 

max  max 

max 

3Mb,  1.5-2. OTi 

6.3.0 

Controlled  Ex- 

pansion Alloys 

6.3.1 

Invar  36 

- 

36 

Bal. 

6.3.2 

Ni-Span  C 

- 

421  INi+Co)  6.4 

48.4 

0.40 

2.4TI,  0.65AI 

6.3.3 

Unnamed  Inco 

- 

39.6 

56.4 

0.22  0.12 

0.01 

0.22AI,  1.46TI, 

LEA  Alloy 

2.90Nb+-Ta 

6.4.0 

Pure  Nickels 

6.4.1 

High-Purity  Ni 

— 

6.4.2 

Nickel  "A" 

- 

7.0.0 

Alloy  Steals 

Composition  in  Weight  Percent**1 

7.1.0 

Nickel  Steels 

C max 

Mn  max 

P max 

S max 

Si 

Ni  Others 

7.1.1 

9-Ni  Steel 

- 

0.13 

0.80 

0.036 

0.04  0.155.30  8 .5-9 .5 

7.1.2 

18Ni(200) 

- 

0.03 

0.10 

0.01 

0.01 

0,10 

17-19  8.5Co,  3.25Mo, 

Maraging 

0.20TI,  0.10AI 

7.2.0 

Fa-Si  Steel 

7 2.1 

Transformer 

Steel 

7.3.0 

Carbon  Steels 

/ 3.1 

AtSI  1010 

G 101 00 

0.08-0.13 

r. 305 .60 

0.040 

0.050 

7.4.0 

7.4.1 
7.4.3 
7.4  4 

8.0.0 

Other  » *rrou*  Materials 
Armco  In, 

5-Ni  Steel 

Iron  <47-50)Ni  Alloy 

Stainless  Steels 

0.15  0.305.60 

0.035 

0.035  0.25.35  5.0  f0.205.35Mo.  0.05-0.12AI, 

^0.02  max  NI 

Composition  in  Wei^tt  Peroent*** 

8.1.0 

300  Series 

C 

Mn 

P max 

S 

Si 

Cr 

Ni 

Mo 

Others 

8.1.1 

AISI  301 

S30100 

0.15  max 

2.0  max 

0.045 

0.03  max 

16-18 

65 

8.1.2 

A1SI  304 

S3 04 00 

0.08  max 

2.0  max 

0.04B 

0.03  max 

1.0  max 

18-20 

8-10.5 

8.1.3 

AISI  304L 

S3 04 03 

0.03  max 

2.0  max 

0,045 

0.03  max 

1.0  max 

18-20 

8-12 

8.1.4 

AISI  310 

S31000 

0 25  max 

2.0  max 

0.045 

0.03  max 

1.5  max 

24-26 

19-22 

8.1.5 

AISI  316 

S31600 

0.08  max 

2.0  max 

0.045 

0.03  max 

1.0  max 

16-18 

10-14 

2. 0-3.0 

8.1.6 

AISI  321 

S32100 

0.08  max 

2.0  max 

0.C45 

0.03  max 

1.0  max 

17-19 

9-12 

(5xC)Ti  min 

8.1.7 

AISI  303 

S 30 300 

0.15  max 

2.0  max 

0.20 

0.16  min 

1.0  max 

17-19 

8-10 

0.6  max 

(or  Zr) 

8.1.8 

AISI  310S 

S31008 

0.08  max 

2.0  max 

0.045 

U.03  max 

1.5  max 

24-26 

19-22 

8.15 

AISI  347 

S34700 

0.08  max 

2.0  max 

0.045 

0.03  max 

1.0  max 

17-19 

9-13 

<10xC)Nb+Te 

8.1.10 

AISI  410 

S41000 

0.1S 

1 .0  max 

0.040 

0.03  max 

1 .0  max 

11.5-13.5 

8.1.11 

AISI  416 

S41600 

0.15 

1 .25  max 

0.06 

1 .0  max 

12-14 

0.6  max 

0.153  mln 

8.2.0 

Other  Stainless  Steels 

8.2.1 

A-286 

K66286 

0.05 

1.4 

0.4 

15 

26 

1.25 

0.2AI,  2.1 5TI, 

0.0038,  0.3V 

8.2.2 

Kromarc-58*b* 

— 

0.03 

9.3 

0.006 

0.005 

0.05 

16.5 

23 

2.2 

0.02AI,  0.008Zr, 

max 

0.0168,  0.16V,  0. 

8.2.3 

Armco  21-6-9 

- 

0.08  max 

8.0-10.0 

19.0-21.6 

66-7.5 

8.2.4 

Armco  22-13-5 

- 

0.06  max 

4.05.0 

1,0  max 

20.5-23.5 

11.6-13.5 

1 .5-3.0 

0.1 5.3Nb,  0.1- 

0.3V.  0.2-0.4N 


(a)  ma*  * maximum,  min  " minimum. 

30  A"‘,yliS  °f  We‘tlf1ahou,e  p,ate  u*d  ,0  eva,ua,ion  program. 


3.0-4 


Section 

9.0.0  Titanium  and  Titanium  Alloy* 


Composition  in  Weight  Percent*^ 


9.1  O 

Unalloyed  Ti 

Al 

Sn 

V 

Fa  max 

O max 

C max 

N max 

H max 

Mn  max 

9.1.1 

9.1.2 

T1-6BA 

T1-7BA 

0.40 

0.20 

0.20 

0.07 

0.07 

0.016 

0XJ125 

9.2.0 

9.2.1 

9.2.2 

Alpha  Ti  Alloys 

Ti-BAI-2.5Sn(c) 

Ti-BAI-2.BSn 

(ELI)<d) 

4.0-6.0 

4.7-B.6 

2. 0- 3.0 

2.0- 3.0 

0.50 

0.20 

0.20 

0.12 

0.15 

0.08 

00? 

005 

0.020 

00175 

0.30 

9.3.0 

9.3.1 

Alpha-Beta  Ti 
Alloy 

Ti-6A1-4V 

6.B-6.5 

3.B-4.6 

0.1  B 

0.13 

0.08 

0.05 

0015 

9.3.2  Ti-6AI-4V<c)  B.^6.75  3.B-4.B 

10.0. 0  Special  (Metals 

and  Alloys 

10.1.0  Nb  and  Nb  Alloys 

10.1.1  Nb 

10.1.2  Nb^n 

10.1.3  Nb-Zr 

10.1.4  Nb-Ti 

10.1.5  Nb-Ti+Cu 
composites 

10.2.0  V-Ga  Alloys 

10.2.1  V3Ga 

10.3.1  Magnesium  Alloy 
AZ31ROAI,  iZn,  0.2Mn) 

Mg-AI-Mn  Alloy 

1 1 .0. 0  Composites 

1 1 .1 .0  Glass-Epoxy 

11.1.1  181/Epox  828 

11.1.2  1581/E-78?  (58-68R) 

11.1.3  S-901 /NASA  Resin  2 

1 1 .2.0  Boron-Epoxy 

11.2.1  4,0  mil  Boron/2387 

1 1 .2.2  5.0  mil  Boron/2387 


11.3.0 

Graphite-Epoxy 

11.3.1 

AS/NASA  Resin  2 

11.3.2 

HT-S/X-904 

11.4.0 

Boron-Aluminum 

1 1.4.1 

5.6  mil  Boron/6061 

12.0.0 

Polymers 

12.1.1 

PE 

Polyethylene 

12.1.2 

PCTFE 

Polychlorotrifluoroethylene 

12.1.3 

PTFE 

Pol  y te  traf  1 uoroe  thy  lene 

12.2.1 

PMM 

Polymethylmethacrylate 

12.3.1 

PS 

Polystyrene 

12.4.1 

PVA 

Polyvinylacetate 

■I 
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INDEX  TO  MATERIAL  CODES  FOR 
SECTION  4.0 


ALUMINUM  AND  ALUMINUM  ALLOYS 
MATERIALS  MATERIAL  CODE 


ALUMINUM 

4.1.1 

1099 

4.1.4 

1100 

4.1.4 

2014 

4.2.1 

2024 

4.2.3 

2219 

4.2.2 

5083 

4.3.1 

5456 

4.3.2 

6061 

4.4.1 

7005 

4.5.2 

7006 

4.5.3 

7039 

4.5.1 

47< 


4.0 


Number  of  Cycles 


FIGURE  4.1. 


-ME0.1.  FATIGUE  LIFE  CURVES  FOR  AXIAL  LOADING  ON  SPECIMENS  OF 
99.99%  ALUMINUM  ROD  0.160  cm  (0.056  in.)  DIAMETER  AT 
CYCLE  FREQUENCIES  OF  225  HERTZ  AT  R = -1  (90214} 
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4.1. 1-0.1  (11/76) 


Alloy  Designation: 


Aluminum 


TABLE  4.1.1-TF  1 


Al 


Specification: 

Form. 

Dimension: 

Condition:  Annealed 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

- ' — - - — 

20  (-423) 

10  (-442) 

4 (-452) 

Thermal  Conductivity^) 

1 

RRR-30000  Watts  m^K'1 

236  (136) 

302 

1230 

14000 

59500 

96400 

Btu  hr*  ft1  F 1 

(136) 

(175) 

(711) 

(8090) 

(34400) 

(55700) 

RRR-10000  Watts  m'1  K1 

236 

302 

1230 

13200 

39000 

36500 

Btu  hr1  ft'1  F'1 

(136) 

(175) 

(711) 

(7630) 

(22500) 

(21100) 

RRR  3000  Watts  m1  K 1 

236 

302 

1230 

11100 

19100 

11600 

Btu  hr  1 ft 1 F'1 
RRR-1000  Watts  m’1  K1 

(136) 

(175) 

(711) 

(6420) 

(11000) 

(6710) 

236 

301 

1210 

7020 

8150 

3960 

Btu  hr1  ft  1 F 1 

(136) 

(174) 

(700) 

(4060) 

(4710) 

(2290) 

RRR-300  Watts  m'1  K 1 

235 

299 

1140 

3570 

2770 

1200 

Btu  hr1  ft1  F'1 

(136) 

(173) 

(659! 

(2060) 

(1600) 

(694) 

RRR-100  Watts  m^K'1 

234 

293 

920 

1560 

963 

398 

Btu  hr 1 ft'1  F-1 

(135) 

(169) 

(532) 

(902) 

(557) 

(230) 

No.  of  Spec. 

References;  90170, 90224 

Thermal  Expansion  {T273  to  T) 
Longitudinal 

Percent 

0 

-0.325 

-0.361 

-0.368 

-0.368 

-0.368 

No.  of  Spec. 

5 

5 

6 

6 

2 

2 

References:  40911,48571, 
90208, 90458,  90323, 90366 
Specific  Heat 

Joules  kg  1 K 1 

860 

480 

142 

8.8 

1.5 

0.33 

Btu  ib1  F 1 

(0.206) 

(0.115) 

(0.0339) 

(0.00210) 

(0.00036) 

(0.000079) 

No.  of  Spec. 

3 

3 

3 

2 

4 

5 

References.  49011,42219, 
90223,  90328 
Electrical  Resistivity^1) 

RRR-30000  Ohm  m 

2.43  x 10  8 

4.60  x 10  9 

4.96  x 10‘10 

7,02  x 10  12 

1.00  x 10  '12 

8.15  x 10-13 

(2.77) 

(2.98  x 10-1) 

(4.31  x 10-3) 

(6.02  x 10-4) 

(4.90  x 10-4) 

RRR-10000  Ohm  m 

2.43  x 10-8 

4.60  x 10-9 

4.97  x 10  19 

8.64  x 10-12 

2.62  x 10  12 

2.43  x 10  12 

Ohm  circular  mil  ft-1  (14.6) 

(2.77) 

(2.99  x 10’1) 

(5.20  x 10-3) 

(1.58  x 10  3) 

(1.46  x 10-3) 

RRR-3000  Ohm  m 

2.43  x 10  8 

4.61  x IQ  9 

5.03  x 10‘19 

1.43  x 10  11 

8.29  x 10'12 

8,10  x 1012 

Ohm  circular  mil  ft'1  (14.6) 

(2.77) 

(3.03  x 10'1) 

(8.60  x 10-3) 

(4.99  x 10-3) 

(4.87  x 10-3) 

RRR  1000  Ohm  m 

2.43  x IQ’8 

4.63  x IO-9 

5.19  x 10"19 

3.05  x 10’11 

2.45  x 10  11 

2.43x10  11 

Ohm  circular  mil  ft'1  (14.6) 

(2.78) 

(3.12  TO’1) 

(1.83  x 10-2) 

(1.47  x 10  2) 

(1.46  x 10-2) 

RRR-300  Ohm  m 

2.44  x 10  8 

4.68  x 10-9 

5.76  x 10  19 

8.74  x 10  11 

8.14  x 10-11 

8.12  x 10-11 

Ohm  circular  mil  ft'1  (14.7) 

(2.82) 

(3.46  x 101) 

(5.26  x 10  2) 

(4.90  x 10-2)1 

(4.88  x 10-2) 

RRR-100  Ohm  m 

2.45  x ID'8 

4.85  x 10  9 

7.40  x 1019 

2.52  x 10'19 

2.45  x 10  10 

2.45  x 10'10 

Ohm  circular  mil  ft 

(14.7) 

(2.92) 

(4.45  x 101) 

(1.52  x 10’1) 

(1.47  x IQ'1) 

(1.47  x 10  1) 

No.  of  Spec. 

References;  90178,90209, 
90224.  96886 

(1)  Interpolated  from  numerous  data  usinn  theoretical  correlations. 
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4.1. 1-1  (11/76) 


Thermal  Conductivity,  watts 


L 


Temperature,  K 


FIGURE  4.1.1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 


TABLE  4.1.1— MAI 


Alloy  Designation:  High-Purity  Aluminum 

Specification:  Impurities,  ppm:  30Mg,  5Fe,  3Si,  2Cd,  ICu,  INa,  1Ag 

Form:  Cylindrical  rod 

Dimeter,  cm  (in.):  0.4  (0.0157) 

Condition:  Argon  arc  melted,  vacuum  homogenized  at  a temperature 

just  below  the  solidus  for  about  7 days  and  quenched  in 
ice  water.  Machined  specimens  were  vacuum  strain 
annealed  for  about  24  hours. 

The  temperature  dependence  of  the  magnetic  susceptibilities  (x)  of  pure 
aluminum  and  an  aluminum-silicon  ailoy  is  shown  in  the  figure. 


Temperature,  K 

(a) 

o : Pure  aluminum,  Taylor  (1961). 

1.  • : Pure  aluminum. 

2.  • : Aluminum  + 0.85%  silicon. 

Reference:  90493 
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4.1. 1-8  (11/75) 


TABLE  4.1.4— ME! 


1099-0 

Plate 


AHoy  Designation:  1099-H14  Aluminum 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  H14 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


(75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

4 

(-452) 

(13.2) 

102 

(14.8) 

159 

(23.1) 

289 

(41.9) 

332 

(48.1) 

Avg  86.2  (12.5)  86.9  (12.6)  98.6  (14.3)  106  (15.4)  130  (18.9) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K{  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No  of  Heats) 


References:  72563 


4.1.4— 1 (11/75) 


TABLE  7.1.4  ME  1.1 


1100-H112 
Plate  Weld  Metal 


Alloy  Designation:  1100-Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form:  Plate-MIG  welded,  1 100  Al  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate:  H1 12;  weld  metal  tested  as  welded 


Testing  Temperature,  K f F) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percer.' 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Mm 

No  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec  (No 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

•<t  = 16 

Mm 

No  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  3 

Mm 

No  of  Spec.  (No.  of  Heats) 

References  63362 


297  (751 


77  (-320) 

80.0  (11.61 


42  (6.1) 


26.5 


5.0 


123  (17.8) 

1 


157  (22.8) 


55  (8.0) 


31.0 


9.0 


222  (32.2) 

1 


4.1 .4-1.1  (11/76) 


TABLE  4.1.4— ME2 


Alloy  Designation:  1100-0  Aluminum 

Specification : 

Form:  Bar 

Diameter:  Up  to  2.540  cm  (1.000  in.) 

Condition:  Annealed  (0)  (ASTM  Grain  size  3.5) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  {ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/ro2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt« 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

References:  54986 

297 

(75) 

195 

(108) 

93.1 

(13.5) 

114 

(16.5) 

92.4 

(13.4) 

111 

(16.1) 

48 

(6.9) 

50 

(7.2) 

45 

(6.5) 

49 

17.1) 

45.9 

50.0 

44.1 

47.4 

88.4 

85.6 

868 

85.6 

|3 

d) 

3 

(1) 

77  (-320) 

20  (423) 

191  (27.7) 

328  (47.6) 

188  (27.3) 

327  (47.4) 

62  (9.0) 

65  (9.4) 

61  (8.9) 

64  (9.3) 

56.4 

54.2 

55.8 

52.6 

81.2 

60.0 

79.7 

57.8 

3 (1) 

2 r. 

< v 
*4  J*' 


4.1.4— 2 (11/75) 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (423) 

10  (-442) 

4 (452) 

Thermal  Conductivity 
RRR  32.6  Watts  m 1 K'1 
Btu  hr 1 ft'1  F’1 
RRR  14  Watts  m1  K"1 
Btu  hr1  ft"1  F"1 

225* 

(130)* 

205 

(1!9) 

310* 

(179)* 

228 

(132) 

520* 

(301)* 

315 

(182) 

493 

225 

(130) 

270 

113 

(65) 

117 

45 

(26.0) 

No.  of  Spec. 

References:  90111,90225. 
96888 

Thermal  Expansion  {7jt\  to  T1 
longitudinal 
Percent 

No.  of  Spec. 

References:  48134 

Specific  Heat 
Joules  kg'1  K"1 
Btu  lb'1  F 1 
No.  of  Spec. 

References: 


Electrical  Resistivity 

RRR  32.6  Ohm  m 2 67  x 10  8 

Ohm  circular  mil  ft' 1 ( 16. 1 ) 

RRR  14  Ohm  m 2.80x10 8 

Ohm  circular  mil  ft'1  (16.8) 

No.  of  Spec.  2 

References : 79561 ,90111 

Magnetothermal  Conductivity 


5.10  x 10'9  1.70  x 10-9  8.40  x 10'10 

(3.07)  (1.02)  (0.505) 

6.43  x 10-9  2.87  x 10  9 2.1 1 x 10'9 

(3.87)  (1.73)  (1.27) 

2 2 2 


8.20  x t0'10  8.20  x 10-1C 

(0.493)  (0.493) 

2.03  x 10'9  2.00  x 10'9 

(1.22)  (1.20) 

2 2 


Watts  m'1  K"1 

0 

225* 

310* 

520* 

Btu  hr  1 ft'1  F"1 

(130)* 

(179)* 

(301)' 

Watts  m'1  K '1 

1 

224* 

260* 

340* 

Btu  hr  1 ft  1 F 1 

(130)* 

(150)* 

(196) 

Watts  nr1  K"1 

4 

222* 

240* 

275* 

Btu  hr"1  ft 1 F'1 

(128)* 

(139)* 

(159) 

Watts  m'1  K"1 

8 

220* 

230* 

240* 

Btu  hr  1 ft’1  F’1 

(1271* 

(133)* 

(139) 

No.  of  Spec. 

References:  96888 

* E xtrapolated  and  Interpolated. 


270 

117 

(285) 

(156) 

(67.6) 

247 

112 

(218) 

(143) 

(64.8) 

215 

98.3 

(158) 

(124)  ■ 

(56.8) 

198 

81.7 

(141) 

(114) 

(47.2) 

1 

1 

I 


4. 1.4-4  (11/76) 


Thermal  Conductivity,  watts  m-‘K 


. 


Temperature,  F 
■450  -400  -300  -200-100  32 


U00-0(RRR-32.6) 


100  -0(RRR- 14) 


>5 


2024-0 


2014 -T6 


5456-H343 


2024 -T86" 
7039-61 


//—  5083-0 


2024 -T4  — 


Temperature,  K 


FIGURE  4.1.4-C0.1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR 
ALUMINUM  ALLOYS 


4. 1.4-4. 1 (11/76) 


Thermal  Conductivity,  Btu  hr'1  ft'1 


Thermal  Conductivity,  watts  m-'K'1 


O 


Temperature,  F 


FIGURE  4.1.4-C2, 


THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR 
ALUMINUM  ALLOY  1 100-0  AT  SEVERAL  MAGENTIC 
FIELD  STRENGTHS  (RRR-32.6) 


4,1. 4-5.1  (11/76) 


61** 


r 


Thermal  Conductivity,  Btu  hr'1  ft-1 


Temperature, 


4.1. 4-6  (11/74) 


ALUMINUM  ALLOY  1100- 


FOR  ALUMINUM  ALLOY  1100-0 


6J< 


Electrical  Resistivity,  ohm  m x 10 


Alloy  Designation*.  2014T6  Aluminum  Alloy 


Specification:  AMS-4G29A,  ASTM  8203 

Form:  Sheet 

Thickness,  cm  fin.):  Up  to  0.099  10.039) 

Condition:  T6 


TABLE  4.2.1ME1 


2014-T6 

Sheet 


Testing  Temperature,  K (F)  | 

297  (75) 

77 

(-320) 

20 

(-423) 

Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Avg 

483  (70.0) 

562 

(81.5) 

681 

(98.8) 

Mm 

669 

(97.0) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

427  (62.0) 

510 

(74.0) 

543 

(78.8) 

Mm 

517 

(75.0) 

Std.  Deviation 

Elong,  percent 

Avg 

9.0 

10.8 

14 

Mm  ! 

13 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

(1) 

(1) 

3 

(1) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Flom;,  percent 


Avg  476  (69.0) 

Mm 


Avg  421  (61.0) 

Mm 


559  (81.1)  674  (97.8) 

661  (95.8) 


485  (70.4)  520  (75.4) 

517  (75.0) 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  42002 


2 (1) 


4.2.1  1 (11/74) 


297  (75) 

195  (-108) 

144  ( 200)  7.’  (-320) 

490 

(71.1) 

515  (74.7) 

524  (76.0)  585  (84.9) 

687 

(99.7) 

461 

(66.8) 

489  (70.9) 

558  (81.0)  i 

664 

(93.9) 

12.6 

(1.83) 

1.10  (1.59) 

13.0  (1.88) 

18.2 

(2.64) 

445 

(64.6) 

472  (68.8) 

490  (71.0)  52.0  (75.4)  1 

572 

(85.0) 

413 

(59.9) 

447  (64.9) 

496  (72.0) 

534 

(77.4) 

12.7 

(1.87) 

9.3  (1.35) 

13.6  (1.97) 

18.4 

(2.67) 

9.8 

9.6 

9.3  11.6 

12.8 

6.5 

5.5 

7.0 

8.0 

22 

(ID 

12  (6) 

(1)  23  (11) 

19 

(9) 

70.5 

(10.2) 

74.5  (10.8)  | 

80.7  (11.7) 

83.4 

(12.1) 

66.2 

(9.6) 

66.9  (9.7) 

74.5  (10.8) 

75.8 

(11.0' 

0.29 

0.32 

0.25 

0.25 

0.29 

0.32 

0.25 

0.25 

518 

(75.1) 

537  (77.9) 

581  (84.2)  : 

652 

(94.5) 

511 

(74.1) 

528  (76.6) 

549  ( 79.6) 

581 

(84.2) 

7 

(2) 

7 (2) 

7 (2) 

7 

(2) 

446 

(64.7) 

418  (60.7) 

392  (56.9) 

512 

(74.2) 

431 

(62.5) 

363  (52.6) 

354  (79.6) 

454 

(65.8) 

6 

(2) 

5 (1) 

6 (2) 

6 

(2) 

489 

(71.0) 

511  (74.1) 

587  (85.1) 

693 

(100.5) 

457 

(66.3) 

485  (70.3! 

550  (79.7) 

648 

(94.0) 

10.1 

(1.46) 

10.6  (1.54) 

15.2  (2.20) 

18.6 

(2.70) 

439 

(63.7) 

451  (>S5.4) 

501  (72.6) 

565 

(82.0) 

403 

(58.4) 

429  (62.2) 

460  (66.7) 

5C5 

(73.2) 

13.4 

(1.95)  . 

11.0  (1.59) 

26.8  (3.88) 

22.5 

(3.26) 

10.2 

9.8 

11.6 

12.9 

6.5 

6.5 

4.5 

7.5 

15 

(7/ 

11  (4) 

15  (7) 

15 

(6) 

71.4 

r 4) 

73.8  (10.7) 

80.0  (11.6) 

82.1 

(11.9) 

66.9 

u/> 

66.2  (9.6) 

71.0  (10.3) 

71.7 

(10.4) 

9 

(3) 

7 (2) 

10  (3) 

8 

(3) 

0.27 

0.42 

0.26 

0.23 

491 

(71.2) 

502  (72.8) 

543  (78.7) 

608 

(88.2) 

465 

(67.5) 

491  (71.2) 

522  522  (75.7) 

564 

(81.8) 

8 

(2) 

8 (2) 

8 (2) 

8 

(2) 

412 

(59.7) 

372  (53.9) 

430  (62.4) 

478 

(69.4) 

398 

(57.7) 

352  (51.0) 

366  (53.1) 

403 

(58.4) 

6 

(2) 

5 (1) 

6 (2) 

6 

(2) 

Testing  Temperature,  K <F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg  490  (71.1) 

Mm  461  (66.8) 

Std  Deviation  12.6  (1.83) 

TYS,  MN/m2  (ksi)  Avg  445  (64.6) 

Min  413  (59.9) 

Std.  Deviation  12.7  (1.87) 

Elong,  percent  Avg  9,8 

Mm  6.5 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  22  (11) 

E,  GN/m2  (106  psi)  Avg  70.5  (10.2) 

Mm  66.2  (9.6) 

No.  of  Spec.  (No  of  Heats)  0.29 

Poisson's  Ratio  0.29 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg  518  (75.1) 

Kt  * 6.3  Min  511  (74.1) 

No.  of  Spec.  (No.  of  Heats)  7 (2) 

NTS,  MN/m2  (ksi)  Avg  446  (64.7) 

Kt  = 19+  Mm  431  (62.5) 

No.  of  Spec.  (No.  of  Heats)  6 (2) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg  489  (71.0) 

Mm  457  (66.3! 

Std  Deviation  10.1  (1.46) 

TYS,  MN/m2  (ksi)  Avg  439  (63.7) 

Min  403  (58.4) 

Std  Deviation  13.4  (1.95)  . 

Elong,  percent  Avg  10.2 

Mm  6.5 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  15  (7| 

E,  GN/m2  (106  psi)  Avg  71.4  I'  4) 

Mm  66.9  (-./) 

No  of  Spec.  (No.  of  Heats)  9 (3) 

Poisson's  Ratio  0.27 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  491  (71.2) 

Kt  - Mm  465  (67.5) 

No  of  Spec.  (No.  of  Heats)  8 (2) 

NTS,  MN/m2  (ksi)  Avg  412  (59.7) 

Kt  - Mm  398  (57.7) 

No  of  Spec.  (No.  of  Heats)  6 (2) 

References:  42002,  47334, 51156,  58024,  58000,  69310,  69800, 70906, 80104, 90073, 90076,  90188,  48652 


4.2.1 -2  (11/76) 


TABLE  4.2.1-ME4.1 

2014-T6 
Sheet  Weld  Metal 

Alloy  Designation: 

2014  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.) 
Condition: 


Sheet-MIG  welded.  4043  Al  filler 
0.100  to  0.319  (0.040  to  0.12*', 

Sheet:  T6;  weld  metal  ’'..ted  as  welded 


Avg  319  (46.3) 

Mm 


Avg  261  (37.8) 

Min 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi)  ( 

K 

Std  Deviation 

TYS,  MN/m2  (ksi)  t 

A 

Std  Deviation 

Elong,  percent  / 

i\ 

RA,  percent  f 

\ 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  f 

N 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg  296  (42.9) 

Kt  = 15  Min 

No.  of  Spec.  (No  of  Heats)  3 (1) 

NTS,  MN/m2  (ksi)  Avg 

K{  =■  Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi)  / 

!\ 

Std.  Deviation 

TYS,  MN/m2  (ksi)  / 

l\ 

Std.  Deviation 

Elong,  percent  / 

l\ 

RA,  percent  t 

N 

No.  ot  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

h 

No  of  Spec.  (Mo.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

» Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  ” Mm 

No  of  Spec.  (No  of  Heats) 

References:  90076 


Avg  355  (51.5) 

Min 


Avg  260  (37.7) 

Mm 


77  (-320)  1 20  (-423) 


420  (60.9)  414  (60.0) 


323  (46.8)  352  (51.0) 


3 (1) 


315  (45.7) 
3 (1) 


351  (50.9) 

3 (1) 


421  (61.1)  410  (59.4) 


328  (47.6)  360  (52.2) 


3 (1) 


4.2. 1-4.1  (11/76) 


Testing  Temperature,  K (F) 


297  ! 75} 


77  (-320) 


TUS,  MN/i m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

flo.  olsoec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

References  69800 


290  {42.0) 


234  {34.0) 


1.2 


330  (47.9) 


240  (34.8) 


1.0 


1314 


218 


74.5  {10.8) 


0.31 


84.1  (12.2) 


0.31 


96.5 


(45.6) 

(31.6) 

1.0 

(14.0) 


4.2.1 4.2  (11/76) 


TABLE  4.2. 1-ME4.3 


2014-T6 
Sheet -Weld  Metal 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded,  2319  A!  filler 
0.100  to  0.319  (0.040  to  0.125) 

Sheet:  T6;  weld  metal  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudina) 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (kst) 

Std.  Deviation 

Elong,  percent 


200  (-100)  | 144  (-200)  1 77  (-320)  | 20  (-423) 


Avg  379  (54.9)  390  (56.5)  393  (57.0) 

Mm  353  (51.2)  368  (53.4) 

i 7.7  (2.56)  15.2  (2.21) 

Avg  290  (42.1)  284  (41.2)  292  (42.4) 

Min 


440  (63.8) 

416  (60.3) 
15.8  (2.29) 


499  (72.4) 

430  (62.3) 
34.6  (5.02) 


332  (48.1)  448  (65.0) 


RA.  percent  / 

No.  of  Spec.  (No.  ol  Heats) 

E,  GN/m2  (106psi)  / 


12  (4) 


9 (3) 


12  (4) 


15  (4) 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  * Min 

No  of  Spec.  (No.  of  Heats? 


Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong.  percent 


Avg  404  (58.6)  401  (58.2) 

Mm  396  (57.5)  400  (58.0) 


453  (65.7) 
439  (63.6) 


509  (73.8) 
483  (70.1) 


RA,  percent  / 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106p$i)  / 

N 

No  of  Spec.  (No.  of  Heats) 


5 (1) 


5 (1) 


Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec.  (No.  of  Heats) 


References:  48652,  53308,  58060,  90078 


4.2.1-4.3(11/76) 


TABLE  4.2.1  ME4.e 


2014-T6 
Sheet  Weld  Metal 


Alloy  Designation: 2014  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet  TIG  welded,  4043  filler 
0.100  to  0.319  (0.040  to  0.125) 

Sheet:  T6;  weld  metal  tested  as  welded 


Testing  Temperature.  K (F)  I 

297 (75) 

195 

(-108) 

77  (-320) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

363 

(52.7) 

372 

(54.0) 

42.5  (61.7) 

Min 

352 

(51.1) 

363 

(52.7) 

406  (58.9) 

Std  Deviation 

9.58 

(1.39) 

15.3  (2.22) 

TYS,  MN/m2  , ' 

Avg  | 

241 

(34.9) 

395  (57.3) 

Mm  1 

234 

(34.0) 

392  (56.9) 

Std  rwdtion 

Etong,  percent 

Avg 

1.7 

1.4 

0.7 

Min  | 

1.0 

1.0 

0.5 

RA,  percent 

Avg  , 

Min 

No  of  Spec.  (No.  of  Heats) 

11 

(3) 

5 

(1) 

11  (2) 

E,  GN/m2  (10®  psi) 

Avg 

Min  1 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Wo;k  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg  j 

K,= 

Min 

No.  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No  of  Spec.  INo.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

365 

(53.0) 

371 

(53.8) 

439  (63.7) 

Mm 

357 

(51.8) 

365 

(52.9) 

425  (61.7) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

1.8 

1.3 

0.8 

Mm 

1.5 

1.0 

0.5 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

9 

(3) 

8 

(2) 

9 13) 

F.  GN/m2  (10®  psi) 

Avg  , 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg  1 

Mm 

No.  of  Spec.  (No.  of  Heats)  j 

20  (423) 


479  (69.4) 
471  (68.3) 


0.6 

0.0 


(3) 


480  (69.6) 
463  (67.2) 


0.9 

0.5 


(2) 


References:  42002,  51 156,  51527,  69310 

70< 


4.2.14.4  (11/76) 


m 


TABLE  4.2. 1-ME4.5 

2014-T6 
Sheet-Weld  Metal 

Alloy  Designation: 

2014  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  £ 

Thickness,  cm  (in.):  ( 

Condition:  J 

Testing  Temperature,  K (F) 


Sheet-TIG  welded,  4043  filler 
0.100  to  0.319  (0.040  to  0.125) 

Sheet:  T62;  weld  metal  tested  as  welded 

) 1 297  (75)  1 195  (-108)  Tt7  (-320)  [20  (-423) 


Tension,  Longitudinal  (to  transverse  I 

TUS,  MN/m2  (ksi)  Avg  368  (53.4)  345  (50.0)  421  (61.1)  454  (65.8) 

M111 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

f.'o  of  Spec  (No.  of  Heats)  3 (1)  3 (1)  3 (1)  3 (1) 

E,  GN  m2  (106  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Min 

No  ot  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Miri 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mir. 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  * Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References:  51156 


4.2.14.5(11/76) 


TABLE  4.2.1  -ME5 


Alloy  Designation:  20 14-T6  Aluminum  Alloy 


Specification: 

AMS4029A,  A STM  B209 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.320  to  0.634  (0.126  to  0.249) 

Condition: 

T6 

2014-T6 

Sheet 


Testing  Temperature,  K ( F> 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Oeviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (76) 


Avg  498  (72.3) 

Mm  487  (70.7) 

5.0  (0.72) 

Avg  443  (64.2) 

Min  418  (60.6) 

13.4  ( J .95) 


590  (85.5)  662  (96.0) 

578  (83.91  630  (91.4) 

7.6  (1.10)  16.5  (2  40) 

505  (73.2)  573  (83.0) 

483  (70.1)  550  (79.7) 

24.0  13.48)  13.0  (1.89) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  ■*  Min 

No  of  Spec.  (No.  of  Heats) 

References:  69310,  79301 


4.2. 1-5  (11/74) 


TABLE  4.2.1  ME5.2 

2014-T6 
Plate-Weld  Metal 

Alloy  Designation: 

2014  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  f 

Thickness,  cm  (in.):  ( 

Condition:  f 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Plate-MIG  welded.  716  filler 
0.635  to  1.219  (0.250  to  0.449) 

Plate:  T6;  weld  metal  tested  as  welded 


297 (75) 


301  (43.7) 

294  (42.6) 


213  (30.9) 

205  (29.7) 


77  (-320) 


341  (49.5) 
336  (48.7) 


239  (34.6) 
237  (34.4) 


RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  He^ts) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Kt  = 

No.  ot  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

K,« 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


2 (1) 


RA,  percent 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Kt- 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

No  of  Spec  (No.  of  Heats) 

References:  krtwi 


4.2.1-5.2(11/76) 


NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  oi  Spec.  (No  o(  Heals! 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec  (No.  o(  Heats! 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 


Elong,  percent 


RA,  percent 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No.  of  Heats) 


Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  55021 


4.2.1 -5.3  111/76) 


r 


1 


TABLE  4.2.1  ME5.4 


2014-T6 
Plate-Weld  Metal 


Alloy  Designation: 


2014  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded.  4043  filler 
0.635  to  1.269  <0.250  to  0.449) 

Plate:  T6;  weld  metal  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Sul  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

«t- 

M in 

297  (75) 

77  (320) 

No  of  Spec.  (No  of  Heats) 

References:  55021 

7ti< 


256  (37.2) 
248  ( 36.0) 
4.4  (0.64) 


(23.1) 

(19.4) 

(2.95) 


2.4 

2.0 


10  (2) 


310  (45.0) 
303  (43.9) 


201  (29.2) 

171  (24.8) 


1.6 

1.0 


(2) 


4.2.1 -5,4  (11/76) 


j 


TABLE  4.2.1 -ME5.5 

2014-T6 
PfBte  Weld  Metal 

Alloy  Designation: 

2014  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  f 

Thickness,  cm  (in.):  ( 

Condition:  f 


Testing  Temperature.  K (F) 


Tension.  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Plate  MIG  welded,  5356  filler 
0.635  to  1.269  (0.250  to  0.449) 

Plate:  T6;  weld  metal  tested  as  welded 


297  (75) 


Avg  243  (35.3) 
Mm  156  (22.6) 


Avg  177  (25.6) 

Mm  169  (24.5) 


77  (-320) 


333  (48.3) 
332  (48.1) 


205  (29.8) 

190  (27.6) 


RA,  percent  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No  of  He«.ts) 

References:  55021 


1 2 (1) 


4.2. 1-5.5  (11/76) 


TABLE  4.2.1  ME5.6 


2014-T6 
Plate-Weld  Metal 


Alloy  Designation: 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


2014  Aluminum  Alloy  (Weld  Metal) 


Ptate-MIG  welded,  556  filler 
0.635  to  1.269  (0.250  roO.449) 

Plate:  T6;  weld  metal  tested  as  welded 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TVS,  MN/m2  (ksi) 

Sid.  Dev;dtion 


Avg  225  (32.6) 

Mm  160  (23.2) 


77  (-320) 


323  (46.9) 
314  (45.5) 


219  <31.7) 
205  (29.7) 


Elong,  percent 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heat') 

E.  GN/m2(106psj)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 


TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


2 (1) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <106  psi)  Avg 

Mm 

No.  of  Spec  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Mm 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

References:  55021 


4.2.1 -5.6  (11/76) 


TABLE  4.2.1  ME6 


O 


Alloy  Designation:  2014-T62  Aluminum  Alloy 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T62 


Testing  Temperature,  K (F) 


297  (75) 


77  (-320) 


20  (-423) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

476  (69.0) 


427  (62.0) 


(1! 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


572  (83.0) 


648  (94.0) 


496  (72.0)  524  (76.0) 


11 


(1) 


(1) 


Work  Hardening  Coef 

NTS,  MN/ra2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

•<t- 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No, 

of  Heats! 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (Nc. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No  of  Heats) 

References:  79816 

4.2.16(11/74) 


2014-T62 

Plate 


TABLE  4.2.1 -ME7 


Alloy  Designation:  2014-T62  Aluminum  Alloy 


Specification: 

Form:  Plate 

Thickness,  cm  {in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T62 


Testing  Temperature,  K ( F) 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  ot  Spec.  (No.  of  Heats) 

Ec,GN/m2(106psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear^ 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec,  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Fracture  Toughness^  W 

K|c  MN/m2^2(ksi/in.)  Avg 

Mm 

Orientation  — 

No  of  Spec  (No  of  Heats) 

Kje,  MN/m2^2(ks»Jin.)  Avg  44.0  (40.3) 

(From  PTSC  spec.HL  S )Mm 

No.  of  Spec  (No.  of  Heats)  1 (1) 

References:  70816 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


[5311 


43.1  (39.4)  53.3  (48.8) 

42.0  (38.4) 

2 (1)  1 (1) 


4.2.1-7  (11/74) 


TABLE  4.2.1ME8 


Specification: 

AMS-4014,  ASTM  B209 

Form: 

Plate 

Thickness,  cm  (in.): 

1.270  to  2.540  (0.500  to  1.000) 

Condition: 

T651 

Testing  Temperature,  K 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  456  (66.2) 

Mm  430  (62.4) 


Avg  420  (60.9) 

Mm  396  (57.5) 


20  (-423) 


579  (84.0)  659  (95.6) 


525  (76.1)  553  (80.2) 


658  (95.4) 

656  (95.1) 


564  ( 81.8) 

563  (81.7) 


RA,  percent  Avg  33.2 

Mm  24.0 

No  ot  Spec.  (No.  of  Heats)  6 (2) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (k.4)  Avg  548  (79-5) 

Kt  = 6.4  Mm  529  (76.7) 

No.  of  Spec.  (No.  of  Heats)  5 (1) 

NTS,  MN/m2  (ksi)  Avg  571  (82.8) 

K,  = 16  Mm 

No.  of  Spec.  (No.  of  Heats)  (I) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  479  (69.5) 

Mm 


Avg  432  (62.7) 

Mm 


687  (99.6)  710  (103) 


587  (85.1)  665  (96.4) 


513  (74.4)  534  177.4) 


19.5 

19 

2 (1) 


712  (103) 


668  (96.9) 

668  (96.9) 


585  (84.8) 


RA,  percent  Avg  16 

Mm 

No.  of  Spec.  (No  of  Heats)  (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heals) 

Poisson's  Ratio 

I 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  550  (79.8) 

Kf  = 16  Mm 

No  of  Spec  (No  o-  *-*eats)  (1) 

NTS.  MN/m2  (ksi)  Avg 

K,  * Mm 

Mo  of  Spec  (No  o‘  Heats) 


573  (83.1) 


12 

12 

2 (1) 


6 (93.7) 


References  64373.  72563 


4.2  1 8 (11/74) 


2014T651 

Plate 


TABLE  4.2.1-ME9 


Alloy  Designation:  2014-T6S1  Aluminum  Alloy 

Specification;  AMS-4014,  ASTM  B209 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T651 


Testing  Temperature,  K (F) 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 


Ec.  GN/m2  ( 10®  psi)  Avg 

Min 

No  of  Spec.  (No.  ot  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Mm 

No  ol  Spec.  (No.  of  Meats) 

SheaM3) 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

G,  GN/m2  ( 1 0®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^) 

K|C  MN/m3/2(ksi/in.)  Avg  23.2  (21.2) 

Mm  22  6 (20  7) 

Orientation  T - L 

No  of  Spec.  (No.  of  Heats)  ^ I1' 

K|£,  MN/m3,,2(ksi/in.)  Avg 

(From  PTSC  spec.)!  — )Mm 
No,  of  Spec.  (No.  of  Heats) 

References:  80995 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data:  Notched  bend  specimens 


4.2.1  9 111/74) 


TABLE  4.2.1  ME9.1 


2014-T62 
Plate-Weld  Metal 


Alloy  Designation: 

Specification : 

Form: 

Thickness,  cm  (in.): 
Condition: 


2014  Aluminum  Alloy  (Weld  Metal) 


Plate-TIG  welded,  2319  alloy  filler 
1.270  to  2.540  (0.500  to  1 .000) 
2614-T62:  Plate,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


Avg  330  (47.8)* 

Mm  326  (47.3) 


Avg  179  (26.0) 

Mm  179  (26.0) 


20  (-423) 


383  (55.5)  437  (63.4) 

376  (54.6)  432  (62.7) 


228  (33.1)  300  (43.5) 

226  (32.8)  296  (42.9) 


RA,  percent  7 

ft 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10«  psi)  7 


No  of  Spec  (No  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mi  n 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 


TYS,  MN/m2  (ksi) 


Std  Deviation 


Elong,  percent 


RA,  percent  7 

It 

No.  of  Spec,  (No  of  Heats) 

E,  GN/m2  (106  psi)  7 


No  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  * Min 

No  of  Spec  (No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No  of  Heats) 


References:  75531 


Both  specimens  broke  in  HAZ  outside  weld  metal. 


4.2.1  9 1 (11/76) 


TABLE  4.2.1-ME9.2 


2014T62 
Plate -Weld  Metal 


Alloy  Designation:  2014  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-TIG  welded,  4043  alloy  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  2014-T62:  Plate;  tested  as  welded 


References:  75531 


N4- 


4.2.1  9.2  (11/76) 


TABLE  4.2.1-ME9.3 


2014  T651 
Plat* 


AHoy  Designation: 2014  T651  Aluminum  Alloy 

Specification: 

Form:  Plate 

Thickness,  cm  (in.)c  2.541  to  5.080  (1.001  to  2.000) 

Condition:  T651 


Testing  Temperature,  K (F) 


297 (75) 

77 

RUSH 

476  (69.0) 

579 

(84.0) 

438  (63.5) 

525 

(76.1) 

10.2 

12.0 

1 

1 

603  (87.4) 

537 

(103) 

521  <75.6) 

619 

(89.8) 

2 (1) 

2 

<f) 

538  (78.1) 

638 

(92.6) 

506  <75.6) 

619 

(89.8) 

2 (1) 

2 

(1) 

479  (69.51 

587 

(85.1) 

432  (62.7) 

513 

(74.4) 

8.8 

9.0 

1 

1 

590  (85,5) 

695 

(100.8) 

521  (75.6) 

610 

(88.4) 

2 (1) 

2 

(1) 

527  (76.4) 

581 

(84.2) 

503  (7 2.9) 

1 573 

(83  1) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 


Avg 

Mm 


Avg 

Min 


Elong,  percent 

Avg 

Mm 

RA.  percent 

Avg 

Mm 

No  of  Spec  (No. 

of  Heats) 

E,  GN/m2  1106  p$i) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 2.4 

Min 

No  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 13.3 

Mm 

No  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TY. , MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No 

of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  * 2.4 

Mm 

No  of  Spec  (No 

of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  - 13.3 

Mm 

No  of  Spec  (No  of  Heats) 

References:  90188 


S.S' 


4.2.1  9 3 (11/76) 


TABLE  4.2.1  ME10 


Alloy  Designation:  2Q14-T6  Aluminum  Alloy 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong.  percent 


Avg  458  (66.4)  456  (66.1)  498  (72.2) 

Mm  41b  (60.2)  443  (64  3)  474  (68.7) 


RA,  percent 

No  of  Spec  (No.  of  Heals) 

E,  GN/m2  (10®  psi) 


32.7 

32. b 
5 (2) 


28.2 

3 (1) 


29.3 

27.6 

6 (2) 


E,  GN/m2  (10®  psi)  Avg  72.2  (10.5)  81.4  (11.8  ) 79.2  (11.5) 

Min  66  2 (9  6)  80  0 (116)  73  8 (10  7) 

No.  of  Spec  (No.  of  Heats)  5 (2)  3 (1)  6 (2) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Miri 

Std  Deviation 

Elong,  percent  Avg 


3 (1) 

82.0  (11.9) 

3 (1) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  ol  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec  (No.  of  Heals) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec  (No  of  Hea*s) 

References:  47735.  89543 


4.2.1  10  (11/74) 
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FIGURE  4.  2.  1-ME2.  FATIGUE  LIFE  CURVES  FOR  AXIAL  LOAD  I' 

LONGITUDINAL  SPECIMENS  OF  2014-T6  Ait 
NUM  ALLOY  SHEET  0.  152  CM  (0.060  IN.  ) THi^K 
AT  CYCLIC  FREQUENCIES  OF  3.3  AND  0.  27  HERTZ 
AT  R = 0.  14 


Reference:  70906 
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4.2.113  (11/74) 


A 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


Stress  Intensity  Factor  Range,  AK,  ksi \/InT 

10  20  40  60  80 100  200  400  IOCO 


Stress  Intensity  Factor  Range,  AK,  MN/m3/2 
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riGURt*  4.2.1-ME4.  FATIGUE  CRACK  GROWTH  .,ATE  OF  2014-T62  ALUMINUM  ALLOY 
PLATE,  TIG-WELDED  [75521]  [Plate  thickness  2.540  cm  ( 1 .000  in.), 
machined  to  1.27  cm  {0.500  in.)  or  1.59  cm  {0.625  in.)  in  vicinity  of 
weld  before  welding] 


4.2.1-13.2  (11/76) 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (-423) 

10  (-442) 

Thermal  Conductivity 

Watts  ro'1  K’1 
Btu  hr'1  ft"1  F"1 

No  of  Spec. 

References:  90218 

160 

(92.5) 

1 

103 

(59.6) 

1 

72 

(41.6) 

3 

32 

(18.5) 

3 

16 

(9.25) 

1 

Thermal  Expansion  (T?7t  to  Tl 
Longitudinal 

Percent 

No  of  Spec. 

References:  48571 

0 

1 

-0.312 

1 

-0.335 

1 

Specific  Heat 

Joules  kg'1  K"1 
Btu  lb'1  F’1 

No  of  Spec 

References: 

Electrical  Resistivity  ^ 
Ohm  m 

Ohm  circular  mil  ft"1 
No  of  Spec. 

References:  79561 

4.25  x t0‘8 

(25.6) 

1 

2.15  x 10’8 

(12.9) 

1 

1.65  x 10-8 

(9.92) 

1 

1.51  x tO"8 

(9.14) 

1 

1.50  x 10^ 

(9.02) 

1 

{II  T 651  Temper 


4 (-452)  | 


6.3 


1 


<: 


1.50  x 10* 
(9.0 


90< 


4.2.1-14  (11/761 


2014-T6 


Temperature,  F 


Temperature,  K 


FIGURE  4.2.1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE 

FOR  ALUMINUM  ALLOY  2014-T6 


2219T81 

Sheet 


<•»* 


TABLE  4,2,2  ME5 

Alloy  Designation:  2219  T81  Aluminum  Alloy 

Specification:  MIL-A892CA,  ASTM  B209 

Form:  Sheet 

Thickness,  cm  (in  ):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  T81 


Testing  Temperature,  K (F) 

297 

(75) 

195 

(108) 

77 

(320) 

20 

( 423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

447 

(64.8) 

481 

(69.8) 

566 

(82.1) 

667 

(96.8) 

Mm 

43.8 

(63  6) 

4(>0 

(66.8) 

663 

(80.2) 

600 

(87.0) 

St-1  Deviation 

9 03 

(1.31) 

14  3 

(2.07) 

12.3 

<1.791 

27  1 

i'3.93} 

TYS,  MN/m2  (ks.) 

Avg 

348 

(50.4) 

374 

(54.3) 

423 

(61.3) 

476 

(69.0) 

Mm 

339 

(49.2) 

362 

(62. b) 

413 

(59.9) 

439 

(63.7) 

Sid  Deviation 

6.69 

<03»7) 

10.9 

(1.58) 

8.13 

(1.18) 

20.7 

(3.00) 

Elong,  percent 

Avg 

8.8 

9.1 

10.7 

13.4 

Mm 

4.3 

6.6 

8.8 

7.0 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No  ol  Heiits) 

1? 

(5) 

10 

(4) 

10 

(4) 

14 

(6) 

E,  GN/m2  (10®  psi) 

Avg 

68.5 

(9.94) 

72.4 

(10.5) 

80.0 

(11.6) 

82.0 

(11.9) 

Min 

64.1 

(9.3) 

66.9 

(9.7) 

73.1 

(10.6) 

76.5 

(11.1) 

No  of  Spi'C.  (No  of  Heats) 

8 

(2) 

7 

(2) 

7 

(2) 

5 

(2) 

Poisson's  Ratio 

0.327 

0.335 

0.335 

0.33 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

427 

(62.0) 

459 

(66.6) 

514 

(74.5) 

565 

(82.0) 

Kt  = 6.3 

Mm 

416 

(60.4) 

442 

(64  \) 

408 

(12.2) 

483 

(70.1) 

No.  of  Spec  (No.  of  Hans) 

1 1 

(3) 

7 

(2) 

7 

(2) 

9 

(3) 

NTS.  MN/m2  (ksi) 

Avg 

■363 

(52.6) 

351 

(50.9) 

414 

(60.0) 

467 

(67.8) 

K.*  19 

Mm 

349 

(50.6) 

335 

(48.6) 

399 

(57.9) 

458 

(66.4) 

No  of  Spec.  (No.  of  Heats) 

5 

(1) 

b 

ID 

5 

(1) 

5 

(D 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

450 

(65.2) 

488 

(70.8) 

563 

(81.6) 

673 

(97.6) 

Mm 

436 

(63.2) 

4/8 

109.3) 

656 

(80.5) 

625 

(90  71 

Sid  Deviation 

8.07 

(1  17) 

7.31 

0 00) 

13.2 

(1.92) 

22.0 

(3.19) 

TYS,  MN/m2  (ksi) 

Avg 

341 

(49.5) 

367 

(53.2) 

414 

(60.0) 

466 

(67.6) 

Min 

322 

(40.7) 

330 

(47  9) 

406 

(58.8) 

452 

(65.6) 

Std  Deviation 

10.5 

(1.52) 

14  8 

(2.15) 

12.7 

(1.84) 

10.8 

(1.57) 

Elong.  percent 

Avg 

9.7 

9.6 

10.1 

,,, 

Mm 

7.3 

8.0 

7.0 

6 0 

RA.  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

1 1 

(4) 

10 

(41 

10 

(4) 

9 

(4) 

E,  GN/m2  (106  psi) 

Avg 

690 

(10.0) 

73.8 

(10.7) 

79.3 

(11.5) 

81.4 

(11.8) 

Mm 

66.2 

(9.6) 

70  3 

(10.2) 

73.8 

(10.7) 

74  6 

(10.8) 

No  of  Spec.  (No  of  Heats) 

8 

(2) 

7 

(2) 

7 

(2) 

5 

(2) 

Poisson's  Ratio 

0325 

0.325 

0.335 

0.34 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

432 

(62.6) 

449 

(65.2) 

514 

(74.5) 

590 

(85.6) 

K.  = 6.3 

Mm 

412 

(60.91 

440 

(63.8) 

604 

(73  D 

567 

(82  3) 

No  of  Spec.  (No  of  Heats) 

7 

(2) 

7 

(2) 

7 

(?) 

7 

(7) 

NTS,  MN/m2  (ksi, 

Avg 

363 

152.6) 

322 

(46.7) 

392 

(569) 

423 

(61.2) 

K.  - 19 

Min 

3f,3 

(61  2) 

318 

(40  1) 

364 

(51  4) 

392 

<60  8) 

No  of  Spec  (No  of  Heats) 

1, 

ID 

*> 

(1) 

I. 

(1) 

5 

(t) 

References.  42002,51156,51527,56755,61688,90078 


4.2.2  5 (11/74) 


TABLE  4.2.2-ME6 


2219-T87 

Sheet 


AHoy  Detonation:  2219-T87  Aluminum  Alloy 

Specification:  MILA-8920A,  ASTM  B209 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 
Condition:  T87 


Testing  Temperature,  K (F) 

297 

(75) 

195 

M08) 

144 

(-200) 

77 

(-320) 

20 

(-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

471 

(68.3) 

504 

(73.1) 

513 

(74.4) 

589 

(85.4) 

685 

(99.4) 

Min 

458 

(66.4) 

489 

(70.9) 

562 

(81.5) 

647 

(93.9) 

Std.  Deviation 

9.1 

(1.32) 

18.2 

(2.64) 

19.7 

(2.85) 

TVS,  MN/m2  (ksi)  Avg 

388 

(56.3) 

410 

(59.5) 

427 

(61.9) 

474 

(68.8) 

501 

(72.6) 

Min 

372 

(53.9) 

379 

(55.0) 

421 

(61.0) 

469 

(68.0) 

Std.  Deviation 

8.6 

0.24) 

36.5 

(5.30) 

4.0 

(3.05) 

Elong,  percent  Avg 

9.5 

9.8 

12.5 

11.5 

14.8 

Min 

6 

6 

7.0 

8.5 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

24 

00) 

7 

(3) 

3 

0) 

20 

(8) 

20 

00) 

E,  GN/m2  (10®  psi)  Avg 

73.8 

O0.7) 

(10.5) 

80.7 

01.7) 

85.5 

(12.4) 

Min 

70.3 

00.2) 

00.1) 

73.8 

00.7) 

75.2 

00.9) 

No.  of  Spec.  (No.  of  Heats) 

5 

(4) 

2 

0) 

6 

(4) 

8 

(4) 

Poisson's  Ratio 

0.30 

0.24 

0.28 

0.27 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

480 

(69.7) 

514 

(74.6) 

589 

(85.4) 

658 

(95.5) 

Kt  = 6.3  Min 

475 

(68.9) 

512 

(74.2) 

586 

(85.0) 

656 

(95.1) 

No.  of  Spec.  (No.  of  Heats) 

2 

0) 

2 

0) 

2 

0) 

2 

0) 

NTS,  MN/m2  (ksi)  Avg 

441 

(64.0) 

523 

(75.8) 

532 

(77.2) 

Kt  = 10  Mm 

437 

(63.4) 

519 

(75.3) 

508 

(13.1) 

No.  of  Spec.  (No.  of  Heats) 

2 

(2) 

2 

(2) 

2 

(2) 

NTS,  MN/m2  (ksi)  Avg 

321 

(46.5) 

378 

(54.8) 

354 

(51.3) 

426 

(618) 

461 

(67.0) 

Kt  = 22  Min 

No.  of  Spec.  (No.  of  Heats) 

3 

0! 

3 

0) 

3 

0) 

3 

(1) 

3 

0) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

473 

(68.9) 

506 

(73.4) 

598 

(86.7) 

701 

001.61 

Min 

452 

(65.5) 

483 

(70.)) 

571 

(82.8) 

648 

(94.0) 

Std  Deviation 

12.5 

0.81) 

17.2 

(2.49) 

23.4 

(3.39) 

TYS,  MN/m2  (ksi)  Avg 

388 

(56.3) 

404 

(58.6) 

467 

(67.8) 

507 

(73.5) 

Mm 

356 

(51.7) 

374 

(54.3) 

432 

(62.7) 

463 

(67.2) 

Std.  Deviation 

15.7 

(2.28) 

22.0 

(3.20) 

23.7 

(3.43) 

Elong,  percent  Avg 

9.0 

7.0 

9.9 

12.8 

Mm 

7.0 

6.5 

6.0 

7.5 

RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

13 

(7) 

4 

(2) 

10 

(6) 

15 

(8) 

E,  GN/m2  (106  psi)  Avg 

73.8 

(10.7) 

01.9) 

84.8 

02.3) 

83.4 

02.1) 

Min 

67.6 

(9.8) 

01.7) 

77.2 

01-2) 

75.8 

01.0) 

No  of  Spec.  (No.  of  Heats) 

4 

(3) 

2 

(1) 

6 

(3) 

7 

(3) 

Poisson's  Ratio 

0.31 

0.30 

0.24 

0.27 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

480 

(69.7) 

507 

(73.6) 

577 

(83.7) 

656 

(95.2) 

- 6.3  Min 

474 

(68.8) 

500 

(72.5) 

576 

(83.6) 

656 

(95.11 

No  ot  Spec  (No  of  Heats) 

2 

0) 

2 

0) 

2 

0) 

2 

(1) 

NTS,  MN/m2  (ksi)  Avg 

433 

(62.8) 

505 

(73.3) 

554 

(80.3) 

Kt  - 10  Mm 

41? 

(6?  6) 

503 

(7?  9' 

528 

(7G  6) 

No  of  Spec.  (No  o!  Heats) 

2 

(21 

2 

(2) 

■ 

(2) 

References  58024,  58060,  64658,  66103.  69310,  69759,  69800  80104,  84319,  90078 

4.2.2  6 (11/76) 


2219T87 

Sheet 


TABLE  4.2  2 ME7 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Specification:  Ml  L- A 8920  A,  ASTM  B209 

Form:  Sheet 

Thickness,  cm  jin.):  0.100  to  0.319  (0.040  to  0.125) 
Condition:  T87 


Testing  Temperature.  K (F) 


Fatigue,  Axial  Loading 

Spj  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R =-1  and  Kt  = 1 

No  of  S N Curves  (No.  of  Heats! 

Ratio  Sfg/TUS  at  10®  cycles  | 0.45 

Sn  at  10®  cycles.  MN/m2(ksi) 

Loading  frequency  Hz 

with  R =-1  and  Kt  = 1 

No  of  S N Curves  (No.  of  Heats' 

Ratio  Sfg/TUS  at  10®  cycles  | 0.32 

Spj  at  107  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 
Fatigue,  Axial  Loading,  Notched  Specimens 


297 


Sfj  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R =-1  and  Kt  = 3.5 

No  of  S N Curves  (No.  of  Heats) 


Sfg  at  10®  cycles,  MN/m2(ksi> 
Loading  frequency  Hz 
with  R =-1  and  Kt  =3.5 

No  of  S N Curves  (No.  of  Heats) 


Sn  at  107  cycles,  MN/m2(ksi) 
Loadino  frequency  Hz 

with  H - and  Kt  = 

No  of  S N Curves  (No  of  Heats) 


75.8 


51.7 


(75) 

(30) 

221  (32) 

358  (52) 

(1) 

1 (!) 

1 (D 

0.38 

0.53 

(22) 

117-  (17  to 

172  25) 

276  (40) 

(!) 

1 (!) 

1 (1) 

0.22  to  0.29 

0.40 

(11.0) 

758  (11.0) 

100  (14.5) 

(1) 

1 0) 

I (1) 

(7.5) 

48.2  (7.0) 

55.2  (8.0) 

(1) 

1 (1) 

1 (D 

References:  53308.  56753,  58024,  61996 


4.2.2  7 (11/74) 


TABLE  4.2.2-ME7.1 


2219-T6E46 

Sheet 


Alloy  Designation: 


2219-T6E46 


NTS,  MN/m2  (ksi)  Avfl 

K|  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  87195 


4 .2.2-7. 1 (11/76) 


NTS,  MN/m2  (ksi)  Avg 

* Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Ava 

K{  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  51156 


42212  (11/76) 


TABLE  4.2.2A1E7.3 

2219-TS 
Sheet-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Wekl  Metal) 

Specification: 

Form:  $ 

Thickness,  cm  (in.):  C 

Condition:  S 


Testing  Temperature,  K <F) 


Tension,  Longitudinal 
TUS,  MN/mZ  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Sheet-TIG  welded.  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.126) 
Sheet-Tb,  weld  metal  tested  as  welded 


200  (-100) 

144  (-200) 

77  (-320) 

20  (-423) 

Avg  296  (43.0)  319  (46.3)  361  (60.9)  427  (62.0)  610  (73.9)  518  (76.1) 

Mm 

Avo  209  (30.3)  210  (30.4)  234  (33.9)  273  (39.6)  362  (62.5)  349  (50.6) 


RA,  percent  Avg 

Mm 

No.  ot  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (i()6  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/mZ  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  58060 


4.2.2-7.3(11/76) 


2219T62 

TABLE  4.2.2ME7.4 

Sheet-Weld  Metal 

AJk>y  Designation: 

2219  Aluminum  Alloy  {WMd  Metal) 

Specification: 

Form:  S 

Thickness,  cm  (in.):  C 

Condition:  S 


Testing  Temperature.  K (F) 


Sheet -MIG  wekied,  2319  Al  filter 
0.100  to  0.319  (0.040  to  0.126) 

Sheet-T62,  Reheat  treated  and  aged  to  T62  after  welding 


297  (75) 


Tension,  Longitudinal  (grain) 
TUS,  MN/m2  (kii) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

E'onq,  percent 


195  (-108) 


Avg  418  (60.6)  459  (66.5)  521  (75.6) 

Min 


A"g  289  (41.9)  321  (46.5)  361  (52.3) 

Min 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  4 (2) 

E,  GN/m2  (10®  psi)  Avg  79.3  (11.5) 

Min  75.8  (11.0) 

No  of  Spec.  (No.  of  Heats)  2 (1) 

Poi won't  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (k*i)  Avg  583  (84.5) 

Kt  = 23.4  Mm 

No.  of  Spec.  (No.  of  Heats)  2 <1) 


84.8  (12.3) 

77.2  (11.2) 
2 (1) 


Avg  583  (84.5)  529  (90.8)  681  (98.7) 

Mm 

2 (1)  2 (1)  2 (1) 


NTS.  MN/m2  (ksi)  Avg 

Kt  » Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  87612, 90060 


422-7 A (11/76) 


TABLE  4.2.2-ME7.5 

2219T62 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet  MIG  welded.  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.125) 

T62  Sheet,  tested  as  welded,  heat  treated  1808  K (995  F)  4 hr,  WQ;  and  aged  RT-96  hr,  463  K (375  F>-36  hr) 


Testing  Temperature,  K (F) 


297  (75) 


77  ( 320) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

415  (60.2) 

508 

(73.7) 

Mm 

412  (59.8) 

501 

(72.7) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

285  (41.4) 

355 

(51.5) 

Mm 

283  (41.0) 

355 

(51.5) 

Std-  Deviation 

Elong,  percent 

Avg 

7.5 

8.0 

Mm 

6.6 

6.3 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

2 (1) 

2 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

79.3  (11.5) 

84.8 

(12.3) 

Mm 

75.8  (11.0) 

77.2 

(11.2) 

No  of  Spec  (No.  of  Heats > 

2 (1) 

-1 

(1) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Mm 

No.  of  Spec.  (No  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

T\  S MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec,  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

• 

Kt- 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  87612 

4.2-2-7.5(11/76) 

1 

2219T62 

TABLE  4.2.2-ME7.6 

Sheet-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thick  nett,  cm  (in.): 
Condition: 


Sheet -TIG  welded,  2319  Ai  filler 
0.100  to  0.319  {0.040  to  0.125) 
Sheet-T62,  tested  as  welded 


Tasting  Temperature,  K ( F) 


297  (75) 


Tension,  Longitudinal  (grain) 

TUS.  MN/m2  (ksi)  Avg  313  (45.4) 


Avg  210  (30.5) 

Min 


Std.  Deviation 

TYS,  MN/m2  (ksi)  / 

C 

Std.  Deviation 

Elong,  percent  / 

C 

RA,  percent  / 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

C 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg  326  (47.3) 

Kt  = 30.3  Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse  (grain) 

TUS,  MN/m2  (ksi)  Avg  312  (45.2) 


Std  Deviation 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  212  (30.8) 

Mm 


77  (-320) 

372  (54.0) 


20  (423) 


436  (63.2) 


274  (39.7)  345  (60.0) 


6 (2) 


390  (56.5)  408  (59.2) 


401  (58.1)  414  (60.0) 


245  (35.6)  286  (41.5) 


RA,  percent  / 

C 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

C 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

K,  - 30.3  k 

No  of  Spec.  (No  of  Heats) 


Avg  310  (44.9) 

Min 

3 (1) 


NTS,  MN/m2  (ksi)  Avg 

K,  - Min 

No  of  Spec.  (No  of  Heats) 

References:  61996, 90076 


391  (56.7) 

3 (II 


3 (1) 


412  (59.8) 
3 (1) 


4.2.2 -7 .6  (11/76) 


TABLE  4J2.2-ME7.7 


2219T62 
Sheet-Weld  Maul 


Alloy  Designation: 2219  Aluminum  Alloy  (Wald  Maul) 

Specification  : 

Form:  Sheet-TIG  welded,  2319  Al  filler 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.12S) 

Condition:  T62  sheet,  welded,  re-heat  treated  to  TB2,  tatted 


Testing  Temperature,  K (F( 


Tension,  Longitudinal  (grain) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec,  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = 30.3  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse  (grain) 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  =*  30.3  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

■ No.  of  Spec.  'No  of  Heats) 


References:  9007G 


297  (75) 

77  (-320) 

20  (-423) 

417  (60.5) 

518  (75.2) 

563  (81.6) 

300  (43.5) 

357  (51.8) 

403  (58.5) 

7.5 

7.5 

4.0 

3 l.' 

3 (1) 

3 (1) 

410  (59.5) 

503  (73.0) 

543  (78.7) 

3 (1) 

3 (1) 

3 (1) 

415  (60.2) 

509  (73.8) 

547  (79.4) 

295  (42.8) 

352  (51.1) 

394  (57.1) 

9.2 

6.2 

4.3 

400  (58.0) 

483  (70.0) 

513  (74.4) 

3 (1) 

3 (1) 

3 (1) 

.A 


4.2.2  7.7  (11/76) 


TABLE  4.2.2-ME7.8 

2219T62 
Sheet -WMd  Meta! 

Alloy  Designation: 

2219  Aluminum  Alloy  (VNd  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet  TIG  welded.  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.12S) 

T62  Sheet  welded,  re-heet  treated  to  T62,  tested 


Testing  Temperature,  K (F) 


Tension.  L to  T (greln) 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Ffong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Harder, ing  Coef 

NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/n2  (ksi)  Avg 

* Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

C'H  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


297  (75) 


195  (-108) 


20  (-423) 


Avg  349  (50.6)  321  (46.5)  423  (61.3)  459  (66.6) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pas)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  51156 


*22-1 » (11/76) 


TABLE  4.2JZ-ME7.9 

2219T81 
Sheet- Wald  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-MIG  welded,  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.125) 
T81  Sheet-  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


195  M 08)  1 77  (-320) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse(grain) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No  of  Heats) 

E.  GN/m2  <10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  - 23.4  l\ 

No.  of  Spec.  (No.  of  Heats) 


Avg  391  (56.7)  416  (60.3)  470  (68.2) 

Min  I 

2 (1)  I 2 (1)  2 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  *=  Min 

No  of  Spec.  (No.  of  Heats) 

Referer.ges:'  90069 

1 


4.2.2-7.9(11/76) 


2219T81 

TABLE  422-ME7.10 

Sheet-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thick  nan,  cm  (in.): 
Condition; 


Sheet-MIG  welded.  2319  AJ  filler 
0.100  to  0.319  (0.040  to  0.125) 
T81  Sheet-  welded,  aged,  tested 


Testing  Temperature,  K (F) 
Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

0.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse  (grain) 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Etong,  percent 


Avg  334  (48.4)  348  (50.4)  463  (67.2) 

Mm 


Avg  277  (40.2)  331  (48.0)  344  (49.9) 

Mm 


RA,  percent  / 

K 

No.  of  Spec  (No  of  Heats) 

E,  GN/m2  (10«  psi)  / 

N 

f-.o.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  * 23.4  N 

No.  of  Spec.  (No.  of  Heats) 


Avg  396  (57.5)  447  (64.8)  470  (68.1) 

Min 

2 (1)  2 (1)  2 (1) 


NTS,  MN/m2  (ksi)  Avg 

K*  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90069 


422  7 10(11/76) 


Testing  Temperature,  K (F) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K»  * 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

297  (75) 


325  (47.1) 
316  (45.8) 


2.4 

2.0 


(2) 


328  (47.5) 
313  (45.4) 


2.0 

2.0 


(1) 


No.  of  Spec.  (No.  of  Heats) 

References:  51 156,  51527,  90078 


200  (-100) 


77  (-320) 


332  (48.1) 
316  (45.9) 


3.3 

2.5 


(2) 


1.7 

1.0 


(1! 


425 

1405 


(61.6) 

(58.7) 


313  (45.4) 
310  (44.9) 


2.5 

2.0 


(2) 


397 

388 


(57.6) 

(56.3) 


2.5 

2.5 


(1) 


474  (68.7) 


1.7 

1.0 


11  (3) 


462  (67  0) 


0.8 

0.0 


8 (2) 


4.2.2-7.11  (11/76) 


Alloy  Designation: 


TABLE  4j.2-7.12 
2219  Alumnium  Alloy  (Wald  Metal) 


2219T81 
Shaet-Weld  Metal 


Tension,  L to  T (grain) 
TUS,  MN/m2  <kli) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  324  (47.01 

Min 


77  (-320)  20  (-423) 


405  (58.8)  461  (66.4) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Wotk  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  o!  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  «•  Mm 

No.  of  Spec.  (No.  ol  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Meats) 

References:  51156 


4.2.2-7.12  (11/76) 


TABLE  4.2.2-ME7.13 

2219T81 
Sheet-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Spocification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


ShMt  TIG  welded,  2319  Al  filter 
0.100  to  0.319  (0.040  to  0.125) 

T81  ShMt.  welded,  re  heat  treated  to  T81,  tatted 


Testing  Temperature,  K (F) 

297  (75) 

195  (-108 

195  (-108)  1 77  (-320)  20  (-423) 


TUS,  MN/m2  (k*i) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  339  (49.1)  328  (47.5)  428  (82.1)  449  (65.1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Retro 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Min 

No  of  Spec.  (No.  of  Heats) 

References:  51156 


4.2.2-7.13(11/76) 


i— — sa—  in 


Alloy  Designation: 


Specif  teat  ton: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.2.2-ME7.14 
2219  Aluminum  Alloy  (Weld  Metal) 


Sheet -MIG  welded,  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.125) 
T87  Sheet,  tested  as  welded 


2219T87 
Sheet-Weld  Metal 


Testing  Temperature.  K (F) 


Tension.  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heals) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Sto.  Deviation 

Elong.  percent 


Avg  319  (46.2)  334  (48.5)  463  (67.2) 

Min 


Avg  219  (31.8)  23.9  (34.6)  256  (37.0) 

Min 


RA,  percent  t 

f> 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

MTS,  MN/m2  (ksi)  / 

Kt  - 23.4  * 

No,  of  Spec.  (No.  of  Heats) 


Avg  368  (53.4)  445  (64.6)  476  (69.1) 

Mm 

2 (1)  2 (1)  2 (1) 


MTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec  (No.  of  Heats) 

References:  90069 


4.2.2-7.14  (11/76) 


TABLE  4L2.2-ME7.15 

2219-T87 
Sheet-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  S 

Thickness,  cm  (in.):  C 

Condition:  1 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Sheet-MIG  welded,  2319  Al  filler 
0.100  to  0.319  (0.040  to  0.12S) 
T87  Sheet,  welded,  aged,  tested 


297 (75) 


195  (-108)  1 77  (-320) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec,  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  363  (52.6)  376  (54.6)  482  (69.9) 

Min  ! 


Avg  279  (40.4)  281  (40.7)  310  (45.0) 

Min 


RA,  percent  Avg  2.0  1.5  2.0 

Min 

No.  of  Spec.  (No.  of  Heats)  2 (1)  2 (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  38f  (55,2)  414  (60.1)  445  (64.6) 

Kt  * 23.4  Min 

No.,of?Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No  of  Heats) 

i 

References:  90069 


4.2.2-7.15  (11/76) 


TABLE  4.2.2-ME7.16 


2219T87 
Sheet  Weld  Metal 


Alloy  Designation: 


2219  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickneu,  cm  (in.): 
Condition: 


Sheet-TIG  welded.  2319  Al  filler 
0.100  to  0.319  (Q.G40  to  0.12S) 
T87  Sheet,  tatted  at  welded 


Tatting  Temperature,  K (F) 


297  (75) 


Tension.  Longitudinal 
TUS,  MN/m2  (kti) 


Std.  Deviation 


TYS,  MN/m2  (kti) 


Std.  Deviation 


Avg  202  (29.3) 

Min  172  (25.0) 
20.1  (2.93) 


Elong,  percent 


RA,  percent 


No.  of  Spec.  (No.  of  Heats) 


i 21  (7) 


E,  GN/m2  (10®  pti) 


No.  of  Spec.  (No.  of  Heats) 


Avg  67  (9.7) 

Min  61  (8.9) 


Poitton's  Ratio 


Worit  Hardening  Coef 


NTS,  MN/m2  (kti)  Avg 

* Mm 

No.  of  Spec.  INo.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

K,  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tention,  Transverse 
TUS.  MN/m2  (ksi) 


Std  Deviation 


TYS,  MN/m2  (kti) 


Std.  Deviation 


Elong,  percent 


RA,  percent 


No.  of  Spec.  (No.  of  Heats) 


E,  GN/m2  (10®  pti) 


No.  of  Spec.  (No.  of  Heats) 


Poitaon't  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (kti)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (kti)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 


Avg  312  (45.3)  341  (49.5)  402  (58.3) 

Min  258  (37.4)  334  (48.5)  361  (52.3) 

35.3  (5.12)  30.8  (4.47) 


Referencet:  53308, 66310,  69800, 84318, 84319, 89983, 90078 


286  (41.5) 
200  (29.0) 
77.9  (11.3) 


18  (6) 


93.8  (13.6) 
1 


4.2.2  7.16  (11/76) 


482  (69.9) 
441  (64.0) 
30.3  (4.40) 


276  (40.1) 
184  (26.7) 


16  (5) 


102  (14.8) 
1 


. 


TABLE  4.2J2-ME7.17 

2219-T87 
Sheet-Weld  Metal 

Alloy  Designation: 

2215  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  S 

Thickness,  cm  (in.):  C 

Condition:  1 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (k»i) 

Std.  Deviation 

TVS,  MN/m2  <ksi) 
Std.  Deviation 

Elong,  percent 


Sheet-TIG  welded,  2319  Alloy  filler 
0.320  to  0.634  (0.126  to  0.249) 
T87  Sheet,  tested  at  welded 


297  (75) 


Avfl  312  (46.3) 

Min  310  (45.0) 


Avg  184  (26.7) 

Min  178  (25.8) 


77  (-320) 


411  (59.6) 
407  (59.0) 


338  (49.0) 
335  (48.6) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  »■  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  **  Min 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

».d.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

MTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  69310 


5 (1) 


4.2,2-7.17  (11/76) 


Testing  Temperature,  K (F) 


297 


(75) 


20 


(-423) 


References:  66000 


4.2.2  8 111/74) 


2219-T81 

Plate 


TABLE  4.2.2-ME9 


Alloy  Designation:  2219-T81  Aluminum  Alloy 


TABLE  4.2.2-ME10 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Specification:  MIL-A  8920A.  ASTM  B2Q9 

Form:  Plate 

Thickness,  cm  {in.):  0.635  to  1.269  {0.250  to  0.499) 

Condition:  T87 


Testing  Temperature,  K {F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid.  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 


297  (75) 


463  (67.2) 

458  (66.4) 


380  (55.1) 

376  (54.5) 


77  (-320)  I 20 


578  (83.8)  671  (97.3) 

576  (83.5)  665  (96.5) 


458  (66.4  ) 487  (70.6) 

454  (659)  485  (70.3) 


Elong,  percent 


RA,  percent 


No  of  Spec.  (No.  of  Heats) 

£,  GN/m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 10  Min 

No.  of  Spec.  (No.  of  Heals) 

NTS,  MN/m2  (ksi)  Avg 

- Min 

No.  of  Spec.  (No.  of  Heats) 


454  (65.8) 

452  (65.6) 

(2) 


547  (79.41  578  (83.8) 

540  (78.3)  574  (83.2) 

(2)  (2) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


467  (67.8) 

464  (67.3) 


378  (54.8) 

374  154.3) 


590  (85.6)  684  (99.2) 

585  (84.9)  678  (98.4) 


454  (65.9)  480  (69.7) 

449  (65.1)  476  (69.0) 


RA,  percent  / 

N 

No.  of  Spec.  (No.  o(  Heats) 

E,  GN/m2  (106  psi)  / 

K 

No  of  Spc'-  (No  of  Heats) 


Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - 10  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 


448  (65.0) 

447  (648) 

(2) 


544  (78.9)  567  (82.2) 

540  (78.3)  564  (81.8) 

(2)  (2) 


References.  64658 


4.2.2-10  (11/74) 


2219T6E46 

TABLE  4-2.2-ME10.1 

Plate 

Alloy  Designation: 

2219-T6E46 

Specification: 

Form: 

Thickness.  cm  (in.) 
Condition: 


Plate 

0.635  to  1.269  (0.250  to  0.449) 

T6E46,  Aged  from  T42  condition  at  450  K (350  F),  12  hr 


Testing  Temperature,  K (F) 

297  (75) 

195 

(•108) 

77 

(-320) 

20 

(423) 

r— — 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

432 

(62.7) 

450 

(65.3) 

539 

(78.2) 

625 

(90.6) 

Min 

430 

(62.4) 

429 

(62.2) 

517 

(75.0) 

580 

(84.1) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

312 

(45.3) 

330 

(47.8) 

370 

(53.6) 

405 

(58.8) 

Mm 

309 

(44.9) 

303 

(44.0) 

361 

(52.4) 

391 

(56.7) 

Std.  Deviation 

Elong,  percent 

Avg 

16.5 

21.7 

24.3 

(24.0) 

Min 

14.0 

21.0 

22.0 

(21.0) 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

4 

(1) 

3 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

71.0 

(10.3) 

75.2 

(10.9) 

80.7 

(11.7) 

77.9 

(11.3) 

Min 

64 

(9.3) 

73.1 

(10.6) 

77.9 

(11.3) 

73.1 

(10.6) 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(11 

4 

(1) 

3 

(1) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Awg 

Kt  = Min 

No,  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  453  (65.7  ) 479  (69.5)  549  (79.6)  655  (95.0) 

Min  449  (65.1)  463  (67.2)  543  (78.7)  627  (90.9) 


Avg  332  (48.1)  350  (50.7)  394  (57.1)  435  (63.1) 

Mm  325  (47.2)  344  (49.9)  389  ( 56.4)  430  (62.4) 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  58761 


Avg  75.8  (11.0)  76.5  (11.1)  80.0  (11.6)  78.6  (11.4) 

Min  74.5  (10.8)  69.0  (10.0)  76.5  (11.1)  67.6  (9.8) 

) 3 (1)  3 (1)  3 (1)  3 (1) 


4.2.2-10.1  (11/76) 


2219-0 

TABLE  4,22-MEIO 2 Plate-Weld  Metal 

Alloy  Detignation:  2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-TIG  welded.  2319  Alloy  filler 

Thick  nett,  cm  (in.):  0.636  to  1.269  (0.250  to  0.449) 

Condition:  2219-0  Plate:  tatted  at  welded  and  heat  treated  to  T6E46  (T42  + 460  K (350  F),  12  hr. 


Testing  Temperature,  K (F)  | 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (kti) 

Avg 

473 

(68.6) 

Min 

470 

(68.7) 

Std.  Deviation 

TYS,  MN/m2  (kti) 

Avg 

348 

(60.4) 

Min 

343 

(49.8) 

Std.  Deviation 

Elong,  percent 

Avg 

11.0 

Min 

t0.5 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poiston't  Ratio 
Work  Hardening  Coef 

Ml  3,  MN/m2  (kti)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  kti)  Avfj 

Kt  « Min 

No.  of  Spec.  (No.  of  Heats) 


Tentio.i,  Trantverte 
TUS,  MN/ro2  (kti) 

Std.  Deviation 

TYS,  MN/m2  (kti) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poison’s  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (kti)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (kti)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Min 


Avg 

Min 

Avg 

Min 


Avg 

Min 


77  (-320) 

20  (-423) 

522  (75.7) 

652  (94.6) 

500  (72.5) 

613  (88.9) 

380  (56.1) 

452  (65.5) 

378  (54.8) 

431  (62.5) 

10.5 

10.9 

7.5 

7.5 

3 (1) 

4 (1) 

References:  58761 


4.25-10,2(11/76) 


11?.  ft  i 


2219T87 

Plate 


Specification:  MIL-A-8920A.  ASTM  B209 

Form:  Plate 

Thickness,  cm  (in.):  1.27  to  2.54  (0.500  to  1.000) 
Condition:  T87 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


460  (66.8) 

432  (62.6) 

13.5  (1.96) 

376  (54.6) 

350  (50.8) 

11.9  (1.73) 


144  (-200)  | 77  (-320)  | 20  (-423) 


496  (72.0)  513  (74.4) 

483  ( 70.1)  50 

9.6  (1.40) 

409  (59.3)  427  (61.9) 

393  (57,0)  420  (60.9) 

9.8  (1.43) 


676 

(98.1) 

655 

(95.0) 

17.5 

(2.54) 

456  (66.2) 

434  ( 62.9) 

12.5  (1.82)  I 15.5  (2.25) 


R A,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 10  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi!  Avg 

Kt  = 16  Mm 

No  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi*  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 10  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi*  Avg 

Kt  - : , Min 

No.  of  Spec.  (No.  ot  Hedts) 


27.8 

26.5 
7 (4) 


29.2  26.2  23 

28.0  25.5  22 

26  (11)  24  (10)  2 (1) 


68.1  (9.88) 

63.4  (9.2) 

14  (3) 


Avg  463 

(67.2) 

Min  459 

(66.6) 

) 2 

(2) 

Avg  567 

(82.3) 

Mm 

468  (67.9) 

460  (66.7) 

6.2  (0.90) 

378  (54.9) 

365  (53.0! 

(1.21) 


22.5 

13.0 

29  (12) 

70.3  (10.2) 

64.8  (9.4) 

16  (4) 


456  (66.2) 

449  (65.1) 

2 (2) 


571  (82.8) 


494  (71.7) 

491  (71.2) 


393  (57.0) 

378  (54.8) 


77.2 

(11.2) 

84.1 

(12.2) 

71.0 

(10.3! 

72  4 

(10.5) 

12 

(3) 

11 

(3) 

0.33 

0.37 

558 

(81.0) 

583 

(84.5) 

556 

(80.7) 

2 

(2) 

2 

(2! 

631 

(91.5) 

707 

(102.5 

585 

(84.8) 

689 

(99.9) 

565 

(81,9) 

638 

(92.5) 

12  3 

(1.78) 

16.9 

(2.45) 

455 

(66.0) 

493 

(71.5) 

441 

(64.0) 

458 

(66.5) 

10.3 

(1.49) 

17.5 

(2.54) 

12.0 

13.4 

9.3 

9.8 

20.7 

19.8 

14.0 

12.0 

28 

(12) 

25 

(10) 

78.6 

(11.4) 

88.2 

(12.8) 

73.1 

(10.6) 

71,0 

(10.3! 

15 

(4) 

13 

(3) 

0.33 

0.38 

524 

(76.0) 

554 

(80.3) 

520 

(754) 

547 

(79.3) 

2 

(2) 

2 

(2) 

References:  62292,  64373,  64658,  66167,  72563,  84319,  90169,  90184 

4.2.2-11  (11/74) 


2219-T6E46 

TABLE  4.2.2-ME12.1 

Plate 

Alloy  Designation: 

2219-T6E46 

Specification: 

Form: 

Thickness,  cm  (in.) 
Condition: 


Plate 

1.270  to  2.540  (0.500  to  1.000) 

T6E46  {Aged  from  T42  condition  at  450  K (350  F),  12hr.] 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


20  (-423) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Devia»ion 

Elong,  percent 


Avg  452  (65.5) 

Min  445  (64.6) 


Avg  314  (45.6) 

Min  305  (44.2) 


531  (77.0)  638  (92.5) 

507  (73.6!  597  (86.6) 


369  (53.5)  419  (60.8) 

350  (50.8)  403  ( 58.4) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

E,  GN/m2  (10®  psi)  Avg  79.3  (11.5) 

Min  72.4  (10.5) 

No  of  Spec.  (No.  of  Heats)  3 (1) 

Poisson's  Ratio 

Work  Hardening  Coei 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  58761 


80.0  (11.6) 
74.5  (10.8) 
2 (1) 


4.2.2-12.1  (11/76) 


•<  r 


V 


TA0U4.2.2ME12.2 


2219-T851 

Plate 


Alloy  Designation: 2219-T861 

Specification: 

Form:  Plata 

Thick  nets,  cm  (in.):  1.270  to  2.640  (0.500  to  1.000) 

Condition:  T851 


Testing  Temperature,  K (F)  | 

297  (75)  \ 

195 

IR3I 

20 

(-423) 

4 

(-462) 

Tention,  Longitudinal 
TUS,  MN/m2  (kn) 

Avg 

466 

(67.6) 

492 

659 

(95.6) 

660 

(95.7) 

Min 

657 

(96.3) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

371 

(53.8) 

397 

(57.6) 

440 

(63.8) 

474 

(68.8) 

485 

(70.3) 

Mm 

476 

(69.0) 

Std.  Deviation 

Elong,  percent 

Avg 

11.0 

11.5 

13.8 

16.0 

15.0 

Min 

14.0 

RA,  percent 

Avg 

27 

28 

30 

28 

25.5 

Min 

25.0 

No.  of  Spec.  (No.  of  Heats) 

1 

1 

1 

1 

2 

(1) 

E,  GN/m2  (10«  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

547 

(79.4) 

581 

(84.3) 

652 

(94.5) 

714 

(103.5)  , 

704 

(102.1 

Kt-  16 

Min  j 

No.  of  Spec.  (No.  of  Heats) 

1 

1 

1 

1 

1 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

458 

(66.4) 

490 

(71.0) 

572 

(83.0) 

667 

(96.7) 

660 

(95.7) 

Min 

658 

(95.0) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

353 

(51.2) 

379 

(55.0) 

421 

(61.1) 

465 

(67.5) 

481 

(69.8) 

M.n 

479 

(69.5) 

Std.  Deviation 

Elong,  percent 

Avg 

10.2 

10.5 

12.2 

15.8 

13.0 

Min 

12.5 

RA,  percent 

Avg 

22 

22 

24 

25 

20.5 

Min 

20.0 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

531 

(77.0) 

562 

(81.5) 

624 

(90.5) 

665 

(96.5) 

665 

(96.5) 

Kt  " 16 

Min 

No.  of  Spec.  (No.  of  Heats) 

1 

1 

1 

1 

1 

NTS,  MN/m2  (ksi) 

Avg 

Kt  “ 

Min 

No.  of  Spec.  (No.  of  Heats) 

Reference*:  72563 


4.2.2-12.2  (11/76) 


TABLE  4.2.2dME12.3 


2219-T6E48 
Plate-Weld  Maul 


Alloy  Designation:  2219  Aluminum  Alloy  (Wald  Metal) 


Spacification: 

Form:  Plata-TIG  welded,  2319  Alloy  ffillar 

Thick  nets,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T6E48*  Plata,  testad  at  waldad 


Tatting  Temperature,  K (F) 


Tention,  Longitudinal 
TUS,  MN/m2  (kti) 

Std  Deviation 

TYS,  MN/m2  (kti) 

Std.  Deviation 


297(75)  i 195  (-108) 


Avg  259  (37.5)  273  (39.6) 

Min  239  (34.6)  | 249  (36.1) 


Avg  154  (22.4)  166  (24.0) 

Min  147  (21.3)  157  (22.7) 


77  (-320)  | 20  (-423> 


331  (48.0)  413  (59.9) 

274  (39.8)  386  (56.0) 


184  (26.7)  265  (38.4) 

171  (24.8)  249  (36.1) 


Elong,  percent 


RA.  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

£,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 


TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


4 (1)  4 (1) 


References:  58761 

* T42  + 450  K (350  F),  12  hr. 


4.2.2-12.3(11/76) 


TABLE  4.2.2-ME12.4 


2219T62 
Plate-Weld  Metal 


Alloy  Designation:  2219  Aluminum  Alloy  (Wald  Metal) 

Specification: 

Form:  Plate-MIG  welded.  2310  Alloy  filler 

Thickness,  cm  (in.) : 1 .270  to  2.540  (0.500  to  1 .000) 

Condition:  T62  Plate,  welded  and  tested  as  heat  treated  to  T82 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 


Avg  1 395  (57.3)  | 416  (60.4) 

Min 


TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt » Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 


Avg  j 277  (40.2)  | 279  (40.5) 

Mm 


Tension,  T ransversa 
TUS,  MN/m2  (ksi) 

Std.  Devia'ion 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  399  (57.9)  437  t63.4) 

Min 


Avg  287  (41.6)  311  (45.1) 

Min 


4 


RA,  percent  / 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2(10®psi)  / 

fi 

No  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 


References:  90069, 90072 


4.2.2-12.4{11/76) 


TABLE  4.2.2-ME12.5 

2219-T81 
Plate-Weld  Meta! 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded,  2319  Alloy  filter 
1.270  to  2.540  (0.500  to  1.000) 
T81  Plate,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297(75)  ( 195  (-108) 


77  (-320) 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 

No,  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 


TUS,  MN/m2  (ksi) 
Std.  Deviation 
TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


g 1278  (40.3)  I 285  (41.4) 


172  (25.0)  177  (25.6) 


372  (54.0) 


204  (29.6) 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt» 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt- 

Nq.  of  Spec.  (No.  of  Heats) 

References-  90069 


4.2.2-12.5  (11/76) 


Testing  Temperature,  K { F) 


297  (75) 


195  (-108) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN'm2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

A v/ 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Min 

330  (47.8) 

I 262  (38.0) 

3.0 

2 
1 


357  (51.8) 
276  (40.0) 

3.0 

2 

1 


450 


323 


References:  90069 


(65.2) 

(46.8) 

4.8 


4.2.2-12.6  (11/76) 


TABLE  422-12.7 

2219-T87 
Plata- Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded,  2319  Alloy  filter 
1 270  to  2.640  (0.500  to  1.000) 
T87  Plata,  tested  as  welded 


Tasting  Temperature.  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Mm 

No  of  S^ec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 13.2  Min 

No.  of  Spec.  (No.  of  Heats! 

NTS,  .nN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No.  of  Heats) 


297  (75) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


249  (36.1) 
1 


Avg  279  (40.4)  287  (41.6) 

Min 


Avg  172  (25.0)  192  (27.8) 

Mm 


144 

(-200) 

77 

(-320) 

20 

(-423) 

310 

(45.0) 

393 

(57.0) 

427 

(61.9) 

308 

(44.7) 

365 

(53.0) 

425 

(61.6) 

196 

(28.4) 

204 

(29.6) 

268 

(38.8) 

189 

(27.4) 

153 

(22.2) 

267 

(38.7) 

5.3 

7.6 

4.0 

5.0 

3.0 

3.5 

18.3 

2 

(1) 

8 

(2) 

2 

(1) 

299  (43.3) 
1 


390  (56.6) 


201  (29.2) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10«  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  =■  Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  76455,  90069. 90184 

A ' a.  » r- 


4.2.2  12.7  (11/76) 


TABLE  4.2.24WE12.8 

2219-T87 
Plate-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-MIG  welded,  2319  Alloy  filler 

Thick  nets,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T87  Plate,  tested  at  welded  and  heat  treated  to  T87 


Testing  Temperature,  K <F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297(76) 


196  (-108 


77  (-320) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

£,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats! 

E,  GN/m2  (io6  p*} 

Avg 

Min 

No.  of  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No  of  Spec.  (No. 

of  Heats) 

References:  90069 

425  (61.7) 


272  (39.4) 


2 

2 (1) 


2 

2 (1) 


4.2.2-12.3(11/76) 


TABLE  4.3L2-ME12.9 


2219-T87 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


2219  Aluminum  Alloy  (Weld  Metal) 


Plate-TIC  welded,  2319  tiller 
1.270  to  2.540  (0.600  to  1.000) 
T87  Plate,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 


297  (75) 


144  (-2001 


Avg  276  (40.0)  283  (41.0)  301  (43.6)  409  (59.3) 

Min  172  (25.0)  279  (40.5)  277  (40.2)  383  (55.5) 


Avfl  163  (23.8)  171  (24.8)  181  (26.2)  192  (27.8) 

Min  108  (15.8)  165  (2^10)  170  ( 24.6)  162  ( 23.5) 


Elong,  percent 


RA,  percent  Avg  25.6 

Min  22.2 

No.  of  Spec.  (No,  of  Heats)  8 (3) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  266  (38.6) 

Kt  = 13.2  Min 

No.  of  Spec.  (No.  of  Heats)  1 

NTS,  MN/m2  (ksi)  Avg 

K,  * Min 

No.  of  Spec.  (No.  of  Heats) 


22.1 
19.8 
9 (3) 


281  (40.7)  323  (46.8) 


Tension.  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  276  (40) 

Min 


Avg  138  (20) 

Min 


386  (56) 


172  (25) 


462  (67) 


193  (28) 


RA,  percent  / 

No.  of  Spec  (No.  o?  Heats! 
E,  GN/m2  (10®  psi)  7 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  cf  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Min 

No.  of  Spec.  (No.  of  Heats) 


References:  62292,  76455, 87195,  90184 

i S‘N<  ‘ 


4.2.2-12.9  (11/76) 


TABU  4.2.2-ME12.10 


2219T87 
Plate-Weld  Metal 


Alloy  Designation: 


2219  Aluminum  Alloy  (We!d  Meta!) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-TIG  w«kM,  no  fillw 
1.270  to  2.540  (0.500  to  1.000) 
T87  Plata,  tested  at  waldad 


Testing  Temperature.  K (F) 


297  (75) 


77 

(-320) 

20 

(-423) 

387 

(56.2) 

461 

(66.8) 

274 

(39.7) 

432 

(62.6) 

46.3 

(6.72) 

181 

(26.3) 

245 

(35.5) 

148 

(21.4) 

213 

(30.9) 

27.5 

(3.99) 

Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg  1 

282 

(40.9) 

Mm 

249 

(26.1) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg  1 

141 

(20.4) 

Min 

102 

(14.8) 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

12.9 

5.0 

RA,  percent 

Avg 

Min 

21.3 

12.9 

No.  of  Spec.  (No.  of  Heats) 

8 

(3) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

66 

(9.5) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

Poitson'i  Ratio 
Work  Hardening  Co«f 

NTS,  MN/it.2  (kti)  Avg 

K,  = Min 

No  of  Spec.  (No.  of  Heals) 

NTS,  MN/m2  (kti)  Avg 

Kj  ■*  Min 

No.  of  Spec.  (No  of  Heats) 


0.33 


Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heels) 

References:  75455, 84318, 89983 


Avg 

Min 


Avg 

Min 


Avg 

Min 

Avg 

Min 


Avg 

Min 


12.7 
6.5 

21.7 
13 

10  (3) 

76.5  (11.1) 
2 (1) 
0.20 


4.0 

9 

4 (2) 

67.6  (9.8) 
2 (1) 

0.36 


lif} 


4.2.2-12.10  (11/76) 


TA3LE  4.2.2-ME13 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Specification:  MIL-A-8920A,  ASTM  B209 

Form:  Plate 

Thickness,  cm  (in.):  2.541  to  5.080  (1.001  to  2.000) 
Condition:  T87 


Testing  Temperature, 

K (F) 

297 

(75) 

Tension,  Longitudinal 

TUS,  MN/m'  (ksi) 

Avg 

469 

(68.0) 

Mm 

448 

(65.0) 

Std  Deviation 

15.2 

(2.20) 

TYS,  MN/m2  (ksi) 

Avg 

383 

(55.6) 

Min 

361 

(52.4) 

Std  Deviation 

16.0 

(2.32) 

Elong,  percent 

Avg 

11.2 

Min 

10 

RA,  percent 

Avg 

Min 

No.  of  Spec.  {No.  of  Heats) 

10 

(4) 

E,  GN/m2  (10®  psi) 

Avg 

67.7 

(9.82) 

Min 

65.5 

(9.50) 

No  of  Spec.  (No  of  Heats) 

5 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

480 

(69.6) 

K,  = 10 

Min 

478 

(69.4) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

363 

(52.6) 

Kt  = 21.6 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

467 

(67.8) 

Min 

444 

(64.41 

Std  Deviation 

14  9 

(2.16) 

TYS,  MN/m2  (ksi) 

Avg 

381 

(55.2) 

Min 

353 

(51  2) 

St  J Deviation 

18.6 

(2 .69 1 

Elong,  percent 

Avg 

9.4 

Mm 

80 

RA,  percent 

Avg 

16 

Miri 

No  of  Spec  (No.  of  Heats) 

13 

(5) 

E,  GN/m2  (106  p$i) 

Avg 

70.3 

(10.2) 

Min 

695 

(101) 

No  of  Spec.  (No.  of  Heats) 

4 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

448 

(65.0) 

K*  =*  10 

Mm 

414 

(60  1) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

350 

(50.8) 

K(  *•  21.6  Min 

Nc  of  Spec.  (No.  of  Heats)  | 

References:  64658,  84319,  90180 


3 U) 


4.2.2  13  (11/74) 


77 

(-320) 

20 

(•423) 

596 

(86.4) 

695 

(100.8) 

573 

(83.1) 

680 

(98.7) 

19.2 

(2.79) 

10.7 

(1.56) 

469 

(68.0) 

510 

(74.0) 

441 

(64.0) 

496 

(71.9) 

22.5 

(3.26) 

9.5 

(1.38) 

14 

13.4 

10.5 

7.5 

10 

(4) 

10 

(4) 

75.2 

(10.9) 

77.2 

(11.2) 

73.1 

(10.6) 

737 

(10.7) 

5 

(1) 

3 

(1) 

561 

(81.4) 

601 

(87.2) 

548 

(795) 

598 

(86.7) 

2 

(1) 

2 

(1) 

449 

(65.D 

455 

(66.0) 

3 

(1) 

3 

ID 

585 

(84.9) 

683 

(99.0) 

547 

(79.4) 

659 

(95.6) 

20.9 

(3.04) 

17.4 

(2.53) 

459 

(66.6) 

498 

(72.2) 

433 

(62.8) 

478 

(69.4) 

21.7 

(3.16) 

18.5 

(2.681 

10.6 

10.6 

7.0 

6.3 

18 

22 

19 

13 

(6) 

14 

(6) 

75.8 

(11.0) 

78.6 

(11.4) 

72.4 

110.5) 

75.2 

(10.9) 

5 

(1) 

5 

(1) 

536 

(77.8) 

545 

(79.1) 

494 

1/1.7' 

514 

(74.6) 

2 

(1) 

2 

(1) 

396 

(57.5) 

378 

(54.8) 

3 

(1) 

3 

(1) 

2219TB7 

Plate 


TABLE  4.2.2A1E21.2 

2219T87 
Plate-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plata-EB  welded,  2319  Alloy  filter 
Over  5.080  (2.000) 

T87  Plata,  tatted  at  welded 


Testing  Temperature,  K (F) 

1 

297  (76) 

— 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

236 

(34.2) 

Min 

132 

(19.2) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

132 

(19.1) 

Min 

116 

(16.8) 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

10 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

745 

(10.8) 

Min 

63.4 

(9.2) 

No.  of  Spec.  (No.  of  Heats)  [ 

6 

(1) 

Poitton't  Ratio 

Work  Hardening  Coef 

m,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  Mf>  .n2  (ksi)  Avg 

Min 

Std  Deviation^ 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Etong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heafs) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (k Avg 
Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  88109 


361  (52.3) 

254  (36.8) 


172  (24.9) 

145  (21.0) 


84.1  (12.2) 

77.9  (11.3) 

4 (1) 


4.2.2-21.2  (11/76) 


TABLE  4.2.2-ME21.3 

22 19- Aged 
Plate-Weld  Metal 

Alloy  Designation: 

2219  A’  iminuro  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-EB  welded,  2319  Alloy  filter 
Over  5.080  (2.000) 

T87  Plate,  tested  as  welded  and  aged  at  436  K (325  F)  24  hr. 


Testing  Temperature,  K (F) 

1 

297 (75) 



Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

288 

(41.8) 

Mm 

161 

(23.4) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

187 

(27.1) 

Min 

163 

(23.6) 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min  | 

No.  of  Spec.  (No.  of  Heats) 

8 

(1) 

E.  GN/m2  (10®  psi) 

Avg 

74.5 

(10.8) 

Min 

73.1 

(10.6) 

No.  of  Spec.  (No.  of  Heats) 

4 

O) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (k«)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  v10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  - Mir, 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  88109 


4.2.2-21,3  (11/78) 


TABLE  4.2.2T4E14 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Specification:  MIL-A  8920A,  ASTM  B209 

Form:  Plata 

Thickness,  cm  (in.):  2.541  to  5.080  (1.001  to  2.000) 
Condition:  T87 


Testing  Temperature,  K (F) 


Tension,  Short  Transverse 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Eiong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No.  of  Spec.  (No,  of  Heats! 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  ol 

Heats) 

References:  &*,658 

297  (75) 


441  (64) 


374  (54.3) 


4.3 


(1) 


77  (-320) 


20  (-423) 


523  (75.9) 


524  (76.0) 


2.7 


(1) 


544  (78.9) 


532  (77.1) 


1.3 

(1) 


4.2.2-14  (11/74) 




■ ■ ■ ' - ~ “ ’ 4 " ■ 1 1 — ~ ~ 

2219  T87 
Plate 

TABLE  4.2.2-ME15 

Alloy  Designation:  2219-TO7  Aluminum  Alloy 

Specification: 

MIL  A-8320A,  ASTM  B209 

Form: 

Plate 

Thickness,  cm  (in.): 

2.541  tc  5.080  (1.001  to  2.000) 

Condition: 

T87 

Testing  Temperature,  K (FJ 


Compression,  Longitudinal 

CYS,  MN/m2  (k$i>  A 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(106psi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  A 

r\ 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (106  psi)  A 

l\ 

No.  of  Spec.  (No.  of  Heats) 

Shear(a) 

SUS,  MN/m2  (ksi)  A 

N 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  A 

K 

No.  of  Spec.  (No.  of  Heats) 


77  ( 320) 


Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans..  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m3/2(ksi/in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec  (No.  of  Heats) 

K|g,  MN/m3/2(ksi/in.)  Avg  40.3  (36.9) 

(From  PTSC  spec.KT  - S)Mm  39.2  ( 35.9) 

No.  of  Spec.  (No.  of  Heats)  6 (4) 

References:  84319,  84320 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


45.5  (41.6)  48.2  (44.3) 

44  3 ' -0.5)  46.9  (42.9) 

6 (3)  5 (2) 


134 

• t 


4.2.2-15  (11/74) 


tmimm  i - . ii.ji  ■■■■■■!■  II  <4 

TABLE  5.2.2-ME16.1 

Alloy  Designation:  2219-T6E46 

2219T6E46 

Plate 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

T8E46  [Aged  from  T42  condition  of  450  K (350  F),  12  hr.) 

Testing  Temperature,  K (F) 


Tension.  Longitudinal 


297(75} 


20  (-423) 


TUS,  MN/m2  (ivi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi)  / 

h 

Std.  Deviation 

TYS.  MN/m2  (ksi)  / 

Std.  Deviation 

Elong,  percent  / 

RA,  percent  / 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  par)  / 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Hears) 

References:  58761 


Avg  442  (64.1) 

M»n  437  (63.4) 


Avg  301  (43.7) 

Min  296  (43.0) 


541  (78.5)  671  (97.3) 

530  (76.7)  665  (96.5) 


352  (51.1)  403  (58.4) 

,340  (49.3)  388  (56.3) 


4.2.2-15.1  (11/76) 


2219-T62 

TABLE  4.2.2^E16.2  Plate 

Alloy  Designation:  2219-T62 


Specification: 

Form:  Plate 

Thickness,  cm  (in.) : 2.641  to  5.080  (1.001  to  2.000) 


References:  90084 


13^ 


4.2.2-15.2  (11/76) 


Specification: 

Form: 

Ptste-MIG  welded,  2319  Alloy  filler  1 

Thickness,  cm  (in.): 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

T851  Plate,  tested  es  welded 

Testing  Temperature,  K (F) 


Tension,  Longitud nai 
TUS,  MN/m2  (ksi 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Fiona,  Percent 


297(751 


Avg  225  (32.7} 

Min 


Avg  185  (28.8) 

Min 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats} 

E,  GN/m2(106psi>  Avg 

Min 

No.  of  Spec  (No.  of  Heats} 

Poison's  Ratio 
Work  Hardening  Coef 

NTS,  MN/it»2  (k*i)  Avg 

- Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (kti)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 


Std.  Deviation 


TYS,  .MN/m2  (ksi) 


Std  Deviation 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  ( 1 0®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (Nc.  of  Heats) 

NTS,  MN/m2  (Usi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90072 


4.2.2-15.3  (11/76) 


Testing  Temperature,  K (F) 


297  (75) 


Tension,  Longitudinal 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (IQS  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 
Kt  = 

No.  of  Spec.  (No. 

NTS,  MN/m2  (ksi) 
Kt  = 

No.  of  Spec.  (No. 

Tension.  Transverse 

Avg 

Mm 

of  Heats) 

Avg 

Min 

of  Heats) 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (iq6  psi} 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt« 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  3 

Mm 

No.  of  Spec.  (No.  of  Heats) 


445 


348 


440 


337 


<64.5) 

<50.5) 


576 


436 


0 

16 


(63.9) 

(48.9) 

6 

9 


511 


399 


(83.5) 


(63.3) 


10 

17 


(74.1) 


(57.9) 


3 

7 


References:  62292 


4.2.2-16  (11/74) 


2219-T81 

Plate 


I 


TABLE  4.2.2-ME17 


Alloy  Designation:  2219-T81  Aluminum  Alloy 

Specification:  MIL-A-8920A,  ASTM  B209 

Form:  Plata 

Thickness,  cm  (in.):  Over  5.080  (2.000) 
Condition:  T81 


s • • I 

JL 

4.2.2-17  (11/74) 


w 


* r 


Alloy  Designation : 2219  T87  Aluminum  Alloy 


Specification:  M1L-A-8920A,  ASTM  B209 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 
Condition:  T87 


TABLE  4.2.2-ME18 


2219T87 

Plate 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m*  (ksi) 

Std.  Deviation 

Elong,  percent 


472  (683) 

455  (66.0) 

11.9  (1.72) 

383  (56.6) 

368  (53.4) 

10.8  (1.56) 


691  (85.7) 

560  (81.2) 

21.1  (3.06) 

466  (673) 

428  (62.1) 

23.8  (3.45) 


676  (98.1) 

576  (83.6) 
47.9  (6.95) 

612  (74.3) 
490  (71.0) 
28.8  (4.18) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m^  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 10  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/iy>2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


11 

(3) 

10 

(3)  10 

(3) 

73.8 

(10.7) 

92.4 

(13.4)  80.0 

(11.6) 

70.3 

(10.2) 

73.8 

(10.7)  73.1 

(10.6) 

4 

(1) 

3 

(1)  2 

(1) 

461 

(66.8) 

547 

(79.3)  586 

(85.0) 

441 

(63.9! 

517 

(75.0)  556 

(£0.6) 

5 

(1) 

5 

(1)  5 

(1) 

470  (68.1) 

443  (64.3) 

11.1  (1.61) 

382  (55.4) 

370  (53.7) 

7.0  (1.02) 


585  (84.8) 
554  (80.4) 
15.9  (2.31) 

451  (65.4) 
427  (61.9) 
15.7  (2.27) 


664  (96.3) 
595  (86.3) 
39.7  (5.76) 

491  (71.2) 

474  (68.8) 
20.2  (2.93) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * 10  Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * ,*  Mm 

No.  of  Spec.  fNo.  of  ileats) 

References:  64658,  84319 , 93338 

A 111  . 


13.2 

9.6 

10  (3) 

75.8  (11.0) 

73.8  (10.7) 

3 (1) 


384  (55.7) 

356  (51.7) 

5 (1) 


15.9 

9 

11  (3) 

83.4  (12.1) 
67.6  (S.8) 

4 (1) 


12.5 

11.1 

10  (3) 

70.3  (10.2) 
64.8  (9.4) 

3 (1) 


435  (63.1)  452  (65.5) 

4C4  (58.6)  438  (63.6) 

5 (1)  5 (1) 


4,2.2-18  (11/78) 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Specification:  MILA  8920A,  ASTM  B209 

Form:  Plate 

Thickness,  cm  (in.):  Over  6.060  (2.000) 
Condition:  737 


2219T87 

Plate 


TABLE  4.2.2-ME19 


Testing  Temperature,  K (F) 

297 

(75) 

77 

(-320) 

20 

(-423) 

— 

— 

Tension,  Short  Transverse 
TUS,  MN'm2  (ksi) 

Std.  Deviation 

Avg 

Min 

472 

445 

(68.6) 

(64.6) 

533 

459 

(77  .3) 
(66.6) 

545 

449 

(79.1) 

(65.1) 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Min 

376 

376 

(54.5) 

(54.4) 

452 

413 

(66.6) 

(59.9) 

483 

480 

(70.0) 

(69.6) 

Avg  72.4  (10.5) 

Min  70.3  (10.2) 

4 (1) 


Elong,  percent 
RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m^  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg  283  (41.1) 

Kt  = 10  Min 

No.  of  Spec.  (No.  of  Heats)  (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No.  of  Spec.  (No.  of  Heats) 

References:  64658 , 93338 


3 (2) 


64.1  (9.3) 

55.2  (8.0) 
2 (1) 


322  (46.7)  362  (52.5) 


4.2.2-19  (11/76) 


TABLE  4.2.2-ME20 


Alloy  Designation:  2219-T87  Aluminum  Alloy 


Results  of  Boeing  program  to  determine  design  allowable  properties 
Form:  Sheet  and  Plate 

Thickness,  cm  On.):  0.081  to  10,2  <0.032  to  4.00) 

Condition:  T87 


Testing  Temperature,  K IF) 

Tension,  Longitudinal 
TUS,  MN/m2  |ksi) 


TYS,  MN/m2  (ksi) 


297 

(75) 

77 

<320) 

20 

(■423) 

474 

(68.7) 

578 

(83.8) 

685 

(99.3) 

443 

(64.3) 

537 

(77.9) 

625 

(90.51 

391 

(56.7) 

454 

(65.9) 

498 

(72.2) 

354 

(51.4) 

410 

(59.4) 

454 

(65.8) 

Elong,  percent 


RA,  percent  Avg 

Mm 

Na  ot  Spec  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No,  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

99%  P,  95%  C.  Ftu<al 

TYS,  MN/m2  (ksi)  Avg 


476 

(69.0) 

585 

(84.8) 

692 

(100.4) 

445 

(646) 

543 

(78.7) 

649 

(94  1) 

388 

(56.2) 

454 

(65.9) 

495 

(71.8) 

350 

(50.7) 

412 

(59.8) 

446 

(64.7) 

Elong,  percent 


RA,  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E.  GN/m2  flO6  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  <ks>)  Avg 

Kj  = Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K{  * Mm 

No  of  Spec  (No.  of  Heats) 

References'.  84319 

(a)  "A”  values  corresponding  to  99  percent  probability,  95  percent  confidence  level. 

4.2.2-20  (11/74) 

142* 


Tatting  Temperature,  K (F) 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  A»g 

Min 

No.  of  Spec.  (No.  of  Heats) 


Ec,  G N /m2  ( 10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Compression,  T ran sv arte 
CYS,  MN/m2  (ksi)  Avg 


No.  of  Spec.  (No.  of  Heats) 


Min 


Ec,  GN/m2  ( 10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Shearte) 


SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Tran*.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Fracture  Toughness^ 


c MN/m^lksi/in.) 

Avg 

39.7 

(36.31 

Bend  Specimens 

Min 

39.6 

(36.2) 

Orientation.  T - S 
No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

c MN/m^Jksi  / in.) 

Avg 

28.6 

(26.2 

Compact  Specimens 

Min 

28.5 

(26.1 

Orientation:  T — S 
No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

K|g,  MN/m^lkti/in.)  Avg 

(From  PTSC  spec.)(T  - S )Min 
No  of  Spec  (No.  of  Heats) 


K|g,  MN/m3^2(k$iy in.)  Avg 

(From  PTSC  spec.H  - )Min 
No.  of  Spec.  (No.  of  Heats) 


297 


(75) 


References:  84319,93338 


496  (46.3) 

52.7 

43.0  (38.3) 

43.6 

5 (2) 

6 

63.3  (48.7) 

52.7 

50.3  (46) 

59.1 

3 (1) 

6 

77 


-320) 


46.3  (42.4) 

45.5  (41.6) 


(1) 


34.3  (31.4) 

34.2  (31.3) 


(D 


(2) 


(56.3) 

(54) 

(2) 


52.5 

51.6 


(48.0) 

(47.2) 


(1) 


37.2 

36.1 


(34.0) 

(33.0) 


(1) 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K(c  data: 


422-21  (11776) 


TABLE  4.2.2-ME21.1 

2219T81 
Plate-Weld  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form : Plata -M I G welded,  2319  Alloy  filler 

Thick  nan,  cm  (in.):  over  5.080  (2.000) 

Condition:  T81  Plate,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

ziong,  percent 


297  (75) 


Avg  2S8  (38.9) 

Min 


Avg  140  (20.3) 

Min 


316  (45.7) 


164  (23.8) 


P.A,  percent  Avg 

M n 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/ m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  62292 

A 1 


4.2.2-21.1  (11/76) 


mm* 


Alloy  Designation: 

TABLE  4.2.2-ME21.4 
2219  Aluminum  Alloy  (Weld  Metal) 

2219T87 
Plate-Weld  Metal 

Specification: 

Form: 

Plate -MIG  welded,  2319  Alloy  filler 

Thickness,  cm  (in.): 

Over  5.080  (2.000) 

Condition: 

T87  Plate,  tasted  as  welded 

Testing  Temperature,  K (F) 

1 

297  (75) 

— 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

236 

(34.2) 

Min 

196 

(28.4) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

139 

(20.1) 

Min 

115 

(16.7) 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

8 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

71.0 

(10.3) 

Min 

66.2 

(9.6) 

No.  of  Spec.  (No.  of  Heats)  I 

8 

(1) 

Poisson's  Ratio 
Worit  Hardening  Coef 

NTS,  MN/m2  (ksi>  Avg 

K{  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =■  Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Etong,  percent  Avg 


[E5JII 


261  (37.0) 

219  (31.7) 


171  (24.8) 

152  (22.0) 


80.7  (11.7) 

78.6  (11.4) 

5 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  88109 


4.2.2-21.4(11/76) 


■ 


Alloy  Designation: 


TABLE  4.2.2-ME21.5 
2219  Aluminum  Alloy  {Weld  Metal) 


2219-T87 
Plate-Weld  Metal 


Specification: 

Form:  Piate-MIG  welded,  2319  Alloy  filler 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  T87  plate,  tested  as  welded  and  aged  at  436  K (325  F)  24  hr. 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

276 

243 

(40.1) 

(35.2) 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Min 

166 

141 

(24.1) 

(20.4) 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats' 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

S’d.  Deviation 

Etong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No  of  Spec.  (No.  of  Heats) 


Avg  66  (9.5) 

Min  58  (8.4) 


113311 


305  (44.2) 

213  (30.9) 


226  (32.8? 

186  (27.0) 


80.0  (11.6) 
77.9  (11.3) 

5 (1) 


4.2.2  21.5(11/76) 


TABLE  4 .2 .2 -ME 2 1.6 


2219-T87 
Plata-Wild  Metal 


Altov  D Migration: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


2219  Aluminum  Alloy  (Weld  Metal) 


Plata-MIG  welded,  2319  Alloy  filler 
Over  5.080  (2.000) 

T87  Plate,  tested  ai  welded  and  aged  at  436  K (325  F)  24  hr. 


Totting  Temperature,  K (F) 


CYS,  MN/m2  (kti)  t 

N 

No.  of  Spec.  (No.  of  Heats) 
Ec,GN/m2(106pei)  / 

No.  of  Spec.  (No.  of  Heats) 


297(75) 


77  (-320) 


CYS,  MN/m2  (kti)  t 

K 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  pti)  / 

A 

No.  of  Spec.  (No.  of  Heats) 

Shear^ 

SUS,  MN/m2  (kti)  / 

A 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  pti)  / 

A 

No.  of  Spec.  (No.  of  Heats) 


Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tram.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m^fkti/in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats! 

K|g,  MN/m2^2(ksi/in.)  Avg  33,7  (30.9) 

(From  PTSC  spec.)(  - )Min  30.1  (27.6) 

No.  of  Spec.  (No.  of  Heats)  5 (1) 

Refer  an  cm:  88109 

(a)  Indicate  tpecimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  tpecimen  design  for  K|c  data: 


33.7  (30.9) 

30.7  (28.1) 

4 (1) 


4.2.2-21.6(11/76) 


Alloy  D Migration: 


TABLE  4.2.2-ME21.7 
2219  Aluminum  Alloy  (Wald  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-Pulse  TIG  welded,  2316  Alloy  filler 
Over  5.080  (2.000) 

T87  Plate,  tested  at  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN'  .,2  (ksi) 

Avg 

290 

(42.0) 

Std  deviation 

Min 

263 

(38.2) 

TYS,  MN/m2  (ksi) 

Avg 

145 

(21.0) 

Std  Deviation 

Min 

124 

(18.0) 

Avg 

Min 

Avg 

Min 


Avg 

Min 


Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec,  (No.  of  Heats) 


297  (75) 


(1) 


73.1  (10.6) 
71.0  (10.3) 
8 (1) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std,  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K.=* 

Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No  of  Spec.  (No.  of  Heats) 

References:  88109 

18<' 


2219-T87 
Plate-Weld  Metal 


77  (-320) 


376  (54.4) 

320  (46.4) 


189  (27.4) 

161  (23.3) 


4 (1) 

84.8  (12.3) 
82.1  (11.9) 
4 (1) 


4,2.2-21.7(11/76) 


TABLE  432-21 J 


2219-T87 
Plate-Weld  Metal 


Alloy  Designation: 


2219  Aluminum  Alloy  (Weld  Metal) 


Specification : 

Form: 

Thickneas,  cm  (in.): 
Condition: 


Plate-TIG  welded,  2319  Alloy  filler 
Over  6.080  {2.000) 

T87  Plate,  taated  u welded  and  aged  at  439  K (325  F)  24  hr. 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

306 

(44.7) 

Std.  Deviation 

Min 

305 

(44.2) 

TYS,  MN/m2  (ksi) 

Avg 

192 

(27.8) 

Std.  Deviation 

Min 

178 

(25.8) 

77  (-320- 

337 

(48.9) 

231 

(33.5) 

224 

(32.5) 

197 

(28.5) 

Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  4 (1) 

E,  GN/m2(106p*i)  Avg  77.2  (11.2) 

Min  73.1  (10.6) 

No.  of  Spec.  (No.  of  Heats)  4 (1) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  {No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

* Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (IOC  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No,  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  88109 


11 


4.2.2-21.8(11/78) 


J 


f * 


TABLE  4.2XME21.9 

2219T87 
Plata-Wald  Metal 

Alloy  Designation: 

2219  Aluminum  Alloy  (Wald  Metal) 

S pacification: 

Form: 

Thickness,  cn  (in.): 
Condition: 


Plate-Pulse  TIG  welded,  2319  Alloy  filler 
Over  5.080  (2.000) 

T87  Plate,  tested  at  welded  and  aged  at  436  K (325  F)  24  hr. 


Testing  Temperature,  K (F) 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  A 

K 

No  of  Spec.  {No.  of  Heats! 

Ec,GN/m2(106psi)  A 

K 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(106psi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Sheart^ 

SUS,  MN/m2  (ksi)  / 

fi 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  / 

It 

No.  of  Spec.  (No.  of  Heats) 


Long.,  Nm(ft-lb)  A 

ft 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  A 

IS 

No.  of  Spec.  (No.  of  Heats) 


K|c  MN/m3/2(ksi/in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

«|£,  MN/mS'-'fkstv/in.)  Avg  44.0  (40.3) 

(From  PTSC  spec.K  - )Min  39.7  (36.4) 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

References:  88109 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|G  data: 


41.5  (38.0) 

40.7  (37.3) 

3 ID 


150 


4.2.2-21.9  (11/76) 


TABLE  4.2.2-ME22 


Alloy  Designation:  2219  T852  Aluminum  Alloy 


Specification:  QQ-A-367F 

F 

Thickness,  cm  (in.):  Over  5.060  (2.000) 
Condition:  THR2 


Testing  Temperature.  K (F) 


Tension,  Radial 
TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Etong,  percent 


297  (75) 


Avg  446  (64.7) 

Min 


Avg  333  (48.3) 

Mm 


77  <-??0) 


543  (78.8) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

£,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No,  of  Heats) 

Poisson's  Ratio 
Worts  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec,  (No.  of  Heats! 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No.  of  Heats) 


Tension,  Tangential 
TUS,  MN/m2  (ksi) 

Avg  448  1 

Min 

Std.  Deviation 

TYS,  MN/m2  fksi) 

Avg  345  1 

Mm 

Std.  Deviation 

Elong,  percent 

Avg  10 

Min 

RA,  percent 

Avg  17 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of 

Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

No  of  Spec  (No.  of  Heats) 

References:  62292 


4.2.2  ?2  (11/74) 


Stress,  MN/m2 


Testing  Temperature,  F 

-400  -300  -200  -100  0 75 


0 100  200  300 


Testing  Temperature,  K 

FIGURE  4.  2.  2-ME3.  EFFECT  OF  TEMPERATURE  ON  THE  STRENGTH 

OF  22  19-T87  SHEET  AND  PLATE  FROM  BOEING 
PROGRAM  TO  DETERMINE  DESIGN  ALLOWABLE 
PROPERTIES  (843  19) 


4.2.2-27  (11/74) 


i r>,i 


Fatigue  Life,  cycles 


.3 


FIGURE  4.2.2-ME4.  FATIGUE  LIFE  CURVES  FOR  AXIAL  LOADING  ON  NOTCHED  SPECIMENS 
FROM  ALUMINUM  2219-T6E46  PLATE  1.9  cm  (1.25  in.)  THICK  [58761] 


4.2.2-27.1  (11/76) 


Fotigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


Stress  Intensity  Factor  Range,  AK,  ksi  ^/Tn. 

20 40  60  80  100  200  400  600  800  1000 


Stress  Intensity  Factor  Range,  AK,  MN/m3/2 

FIGURE  4.2.2-ME7.  FATIGUE  CRACK  GROWTH  RATE  OF  2219-T87  ALUMINUM  ALLOY  PLATE 
[Crack  orientation  T-S:  crack  plane  parallel  to  rolling  direction;  propagation 
through  the  plate  thickness]  [89716] 


157< 


4.2.2-27.4(11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  inch/cycle 


ui  S— in  mm.TSn 


Stress  Intensity  Factor  Range,  AK,  ksi%/in. 

40  60  80  100 

"1 TT  f I I !_] 

Plate  Thickness:  2.54  cm  (1.00  in.) 
Specimen  Thickness:  1.27-2.54  cm 
(0.500-1.00  in.) 

Cycled  at  0.33  Hz  with  aQ  in  the  range 
172-448  MN/m2  = 25-65  ksi;  R = 0 


2219-T87 

Plate 


o Room  temperature 


20  K (-423  F) 


66  88  110 


66  88  i 


Stress  Intensity  Factor  Range,  AK,  MN/m3/2 

FIGURE  4.2.2-ME8.  FATIGUE  CRACK  GROWTH  RATE  OF  2219-T87  ALUMINUM  ALLOY 
PLATE  AT  ROOM  TEMPERATURE  AND  -20  K (-423  F)  [Crack 
orientation  T-S:  crack  plane  parallel  to  rolling  direction,  propagation 
through  the  plate  thickness]  [86296] 

4.2.2-27.5(11/76)  i 5S< 


di_  . . oc>1  * » Stress  Intensity  Factor  Range,  AK,  ksi-/m. 

Plate  Thickness:  2.54  cm  (1.00  in.) 


FIGURE  4.2.2-ME9.  FATIGUE  CRACK  GROWHT  RATE  OF  2219-T87  ALUMINUM  ALLOY 
PLATE  AT  77  K (-320  F)  [Crack  orientation  T S:  crack  plane  parallel 
to  rolling  direction,  propagation  through  the  plate  thickness]  [89716] 


4.2.2-27.6  (11/76) 


¥ 


Stress  Intensity  Factor  Range,  AK,  ksi-v/in! 


2 4 6 8 10  20 


Electron -Beam  Weld 

AO  Room  temperature 
A • 77  K (-320  F) 
a a Tested  as  welded 
o • Tested  as  welded  and 
oged  at  436  K ( 325  F) 
for  24  hr  ( 

Cycled  at  0.01-1.0  Hz  * 

R = 0.05 


40  60  100 


2219-T87 

Plate 


MIG  Weld 

t 

a o Room  temperature 
A • 77  K (-320  F) 

a A Tested  as  welded 
o • Tested  as  welded  and  * 
aged  at  436  K ( 325  F) 
for  24  hr 

Cycled  at  0.01 -1.0  Hz 
R = 0.05 


44  6.6  6811  22  44  66  110 

Stress  Intensity  Factor  Range,  AK,  MN/m5/2 

FIGURE  4.2.2-ME10.  FATIGUE  CRACK  GROWTH  RATE  OF  2219-T87  ALUMINUM  ALLOY 
PLATE  EB  AND  MIG  WELDED  (2319  ALLOY  FILLER)  [Transverse 
weld  orientation}  [88109] 

Plate  thickness=8.25  cm  (3.25  in.) Specimen  thickness=5.08  cm  (2.00  in.) 

iGO< 


4.2.2-27.7  (11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


Stress  Intensity  Factor  Range,  AK,  ksi /m 


Stress  Intensity  Factor  Range,  AK,  MN/mVg 


FIGURE  4.2.2-ME1 1.  FATIGUE  C>  ACK  GROWTH  RATE  OF  2219-T62  ALUMINUM  ALLOY 
[Crack  orientation  L-S:  crack  plane  transverse  to  rolling  direction, 
propagation  through  the  plate  thickness]  [87612] 


4.2.2-27.8(11/76) 


Fatigue  Crack  Growth  Rate, da/dN,  inch/cycle 


mm /cycle 


2219 

Plate 


Stress  Intensity  Factor  Range,  AK, ksi \An. 


60  80  UK) 


600  800  1000 


Loaded  toas  = 332  MN/mz(48.2  ksi) 
♦ hen  cycled  at  0.8  Hz , R=0  at 
various  levels  of  cr0  < crs 


4.2.2-27.9(11/76) 


Growth  Rate,da/dN,  inch/cycle 


TABLE  4.2.2-TR1 


Alloy  Designation:  2219-T81  Aluminum  Alloy 


Specification: 
Form: 
Dimension: 
Condition:  -T81 


Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  m-1  K-1 
Btu  hr1  ft'1  F'1 

No.  of  Spec. 

References:  90218 

Thermal  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  48571 

Specific  Heat 

Jouies  kg'1  K'1 
Btu  lb'1  F-1 

No.  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft*1 

No.  of  Spec, 

References: 


273 


(32) 


118 

1 


(68.2) 


100  (-280) 


68 

1 


-0.313 

1 


(39.3) 


50  (-370) 


45.5 

1 


■0.346 

1 


(26.3) 


20  (-423) 


10 


(-442) 


(-452) 


26.3 

1 


-0.350 

1 


(15.2) 


1G> 


i< 


4.2.2-28  (11/75) 


2024-T3 

TABLE  4.2.3-ME1 

Sheet 

Alloy  Designation- 

2024-T3  Aluminum  Alloy 

Specification: 

QQ-A-355 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

T3 

Testing  Temperature,  K IF) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Sir)  Deviation 

TYS.  MN/m2  (ksi) 

Sid  Deviation 

Elong,  percent 


297  (75)  1 195  (-108) 


As„  468  (67.9)  484  (70.2) 

Mm  467  (67.8)  482  (69.9) 


Avg  327  (47.4)  337  (48.9) 

Min  324  (47.0)  332  (48.1) 


77  £.320)  20  (-423) 


600  (87.0)  758  (110) 

594  (86.1)  752  (109) 


420  (60.9)  504  (73.1) 

415  (60.2)  489  (70.9) 


RA.  percent  Avg 

Mm 

No  of  Spec  (No.  of  Heats)  3 (1)  3 (1) 

E,  GN/m2  (106  psi)  Avg  70.3  (10.2)  72.4  (10.5) 

Mm 

No.  ot  Spec.  (No  of  Heats)  3 (1)  3 (1) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg  415  (60.2)  422  (61.2) 

Kt  = 6.3  Mm  412  (59.8)  414  (60.0) 

No.  of  Spec.  (No.  of  Heats)  3 (1)  3 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension.  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Stu  Deviation 

Elong,  percent 


Avg  454  (65.8)  467  (67.8) 

Mm  451  (65.4)  467  (67.7) 


Avg  303  (43.9)  307  (44.5) 

Mm  302  (43.8)  303  (44.0) 


75.2  (10. D)  78.6  (11.4) 


525  (76.2)  612  (88.8) 

520  (75.4)  585  184.8) 

3 (ii  4 (1) 


1 575  (83.4)  738  (107) 

[574  (83.2)  731  (106) 


387  (56.1)  476  (69.0) 

384  (55.7)  475  (68.9) 


RA,  percent 

No.  of  Spe  'No. 

E,  GN/m2  (106  psj) 


2 (1) 


E,  GN/m'1  (10b  psi)  Avg  71.0  (10.3)  73.1  (10.6) 

Mm 

No  of  Spec.  (No  of  Heats!  2 (1)  2 (1) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  434  (62.9)  433  (62.8) 

K,  = 6.3  Mm  432  (62.6)  432  (62.7) 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 


References:  90073. 90078 


4.2.3  1 (11/76) 


75.8  (11.0)  79.3  (11.5) 


515  (74,7)  598  (86.8) 

510  (73.9)  589  (85.4) 


TABLE  4.2.3-ME2 


Alloy  Designation: 


2024-T4  Aluminum  Alloy 


Specification: 

QQ-A-355 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

T4 

Testing  Temperature,  K (F) 

297  (75) 

195 

(-108) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

467 

(67.7) 

481 

(69.8) 

Std  Deviation 

Mm 

461 

(66.9) 

480 

(69.6) 

TYS,  MN/m2  (ksi) 

Avg 

295 

(42.8) 

301 

(43.7) 

Std.  Deviation 

Mm 

294 

(42.6) 

296 

(43.0) 

Elong,  percent 
RA,  percent 


No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

GN/m2  (10®  psi)  Avg 

Mm 

73.8 

(10.7) 

73.7 

(10.7) 

No  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg  407  (59.0)  419  (60.7) 

Kt  = 6.3  Min  402  (58.3)  414  (60.1) 

No.  of  Spec.  (No  of  Heats)  3 (1)  3 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 


Avg  286  (41.5)  294  (42.7) 

Min  279  (40.5)  292  (42.4) 


Tension.  Transverse 


TUS,  MN/m2  (ksi)  Avg  463  (67.1)  469  (68.0) 

Mm  447  (64.8)  463  (67.2) 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg  286  (41.5)  294  (42.7) 

Min  279  (40.5)  292  (42.4) 

Std  Deviation 

Elong,  percent  Avg  20  24 

Min  20  23 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats!  2 (1)  2 (1) 

E,  GN/m2  (106  psi)  Avg  71.7  (10.4)  73.7  (10.7) 

Mm 

No  of  Spec.  (No.  of  Heats)  2 (1)  3 (1) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  ” 6.3 

No  of  Spec.  (No.  of  Heats) 


Avg  396  (57.5)  406  (58.9) 

Min  396  (57.5) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90073, 90078 


20  (-423) 

738 

(107) 

710 

(103) 

505 

(73.3) 

489 

(70.9) 

3 (1) 

77.2  (11.2)  I 80.0  (11.6) 


496  (71.9)  609  (88.3) 

71.2)  588  (85.3) 

:d  3 n> 


564  (81,8)  669  (97.1) 

561  (81.3)  650  (94.3) 


370  (53.6)  465  (67.5) 

369  (53.5)  461  (66.8) 


75.8  (11.0)  80.0  (11.6) 


470  (68.2)  589  ( 85.4) 

453  (65.7)  587  (85.1) 


2024-T  4 
Sheet 


4.2.3  2 (11/76) 


TABLE  4.2.3-ME3 


2024-T3 

Sheet 


Alloy  Designation: 


2024-T3  Aluminum  Alloy 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

T3 

Testing  Temperature,  K (F) 

297  (75) 

122 

(-240) 

1 

r- ^ — 

— 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

467 

459 

(67.8)  i 

(66.6) 

490 

(71.0) 

517 

(75.0) 

566 

565 

(82.1) 

(82.0) 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

306 

303 

(44.4) 

(44.0) 

310 

(45.0) 

345 

(50.0) 

377 

372 

(54.7) 

(54.0) 

Elong,  percent  Avg  20.0  13.0  11.5 

Mn.  20.0 

RA,  percent  Avc 

Min 

No.  of  Spec..  [No.  of  Heats)  2 (2)  1 1 

E,  GN/m2  (1q6  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksii  Avg  406  158.9)  427  (62.0)  462  (67.0) 

Kt  = 11.1  Mm  399  (57.8) 

No  of  Spec.  INo.  of  Heats)  2 12)  1 1 

NTS.  MN/m2  (ksi)  Avg  376  (54.6) 

Kt  = 15.0  Mm 

No,  of  Spec.  (No.  of  Heats)  1 

T ension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

StcJ  Deviation 

Elong.  percent  Avg 


RA,  percent  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  o(  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  INo.  of  Hears) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No  of  Heats) 

References:  47334,90188 


4.2.3  3(11/76) 


TABLE  4?  3-ME4 


2024  T86 
Sheet 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


2024T86  Aluminum  Alloy 


Sheet 

0.100  to  0.319  (0.040  to  0.125) 
T86 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Sia  Deviation 

Elong,  percent 


297  (75) 


Avg  523  (75.8) 

Mm 


Avg  492  (71.3) 

Mm 


RA,  percent  7 

N 

No  of  Spec,  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  / 


No.  of  Spec.  iNo.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  444  (64.4) 

Kt  = 11.1  Min 

No.  of  Spec.  (No.  of  Heats)  1 

NTS,  MN/m2  (ksi)  Avg  456  (66.2) 

Kt  = 15  Mm 

No.  of  Spec.  (No.  of  Heats)  1 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Sid.  Deviation 


TYS,  MN/m2  (ksi) 


Std  Deviation 


Elong,  percent 


RA,  percent  / 

t- 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  t 


No  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  » r Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats) 

Deferences:  90188 


1 67< 


4.2.3  4 (11/76) 


# 


Alloy  Designation: 


TABLE  4.2.3ME5 
2Q24-T351  Aluminum  Alloy 


2024T351 

Plate 


Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

1 .270  to  2.540  (0.500  to  1 .000) 

Condition: 

T351 

Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

463  (67.1) 

Min 

456  (66.1) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

347  (50.3) 

Min 

343  (49.7) 

Ssd  Deviation 

Elong,  percent 

Avg 

21.6 

Mm 

20 

RA.  percent 

Avg 

28.2 

Min 

23 

No  ol  Spec  (No.  ol  Heats) 

5 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

502  (72.8) 

Kt  * 6.4 

Mm 

481  (69.8) 

No  of  Spec  (No  of  Heats) 

5 (1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg  | 

Mir.  | 

Stci  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Std  Deviation 

Min  j 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg  ; 

Min 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No  of  Spec.  (No  of  Heats) 

References:  64373 

4.2.3  5 (11/76) 

20  (-423) 


TABLE  4.2.3-ME6 


2024-T4 

Plato 


Alloy  Designation'. 


2024-T4  Aluminum  Alloy 


Specification: 

Form: 

Thickness,  cm  (in.) : 
Condition: 


QQ-A-355 

Plate 

2.541  to  5.080  (1.001  to  2.000) 
T4 


Testing  Temperature,  K (F) 

297  (75) 

195 

(•108) 

77 

(-320) 

20 

(-423) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

467 

(67.7) 

480 

(69.6) 

557 

(80.8) 

651 

(94.4) 

Mm 

*51 

(65.4) 

474 

(68.7) 

546 

(79.2) 

632 

(91.6) 

Std  Deviation 

13.4 

(1.45) 

11.1 

(1.61) 

12.6 

(1.82) 

TYS,  MN/m2  (ksi) 

Avg 

3S7 

(53.3) 

377 

(54.7) 

459 

(66.5) 

556 

(80.6) 

Mm 

559 

(52.1) 

370 

(53.6) 

445 

(64.6) 

550 

(79.8) 

Std  Deviation 

10.0 

(1.45) 

8.07 

(1  17) 

7.10 

(1.03) 

Elong,  percent 

Avg 

17.1 

17.2 

11.3 

7.9 

Min 

11.5 

15.5 

6 

5 

RA,  percent 

Avg 

17 

4 

11 

9 

Mm 

12 

2 

11 

5 

No.  of  Spec.  (No.  of  Heats) 

9 

(2) 

7 

(2) 

9 

(2) 

9 

(2) 

E,  GN/m2  (10*3  psi) 

Avg 

(72.4)  (10.5) 

73.1 

(10.6) 

75.2 

(10.9) 

80.0 

(11.6) 

Mm 

No.  of  Spec  (No.  of  Heats) 

3 

(1) 

3 

(1) 

3 

ID 

3 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

478 

(69.3) 

508 

(73.7) 

581 

(84.3) 

672 

(97.4) 

Kt  = 6.3 

Mm 

412 

(59.8) 

437 

(63.4) 

529 

(76.7) 

606 

(87.9) 

Mo.  of  Spec.  (No.  of  Heats) 

9 

(2) 

7 

(2) 

9 

(2) 

9 

(2) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No  of  Spec  'No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (k$i) 

Avg 

461 

(66.9) 

458 

(66.4) 

556 

(80.6) 

645 

(93.6) 

Mm 

457 

(66.3) 

450 

(65.3) 

554 

(80.4) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

314 

(SF.6) 

312 

(45.2) 

350 

(50.7) 

479 

(69.4) 

Mm 

312 

(45.3) 

Std  Deviation 

Elong,  percent 

Avg 

16 

16 

15 

8 

Mm 

16 

12 

RA,  percent 

Avg 

15 

9 

12 

9 

Mm 

15 

5 

No.  of  Spec  (No  of  Heats! 

2 

(1) 

2 

(1) 

2 

(D 

1 

E,  GN/m2  (106  psi) 

Avg 

73.1 

(10.6) 

73.1 

(10.6) 

76.5 

(11.1) 

79.3 

(11.5) 

Mm 

No  of  Spec.  (No.  of  Heats) 

1 

1 

1 

1 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

525 

(76.2) 

534 

(77.4) 

620 

(89.9) 

655 

(95) 

Kt  * 6 3 

Mm 

519 

(75.3) 

513 

(74.4) 

616 

(89.4) 

655 

(95) 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt" 

Mm 

No  of  Spec  (No.  of  Heats) 

References  51070,  90073,  90078 

1 GH< 


4.2.3  6 (11/76) 


r 


TABLE  4.2.3-ME7 


2024  T851 
Plate 


Alloy  Designation: 


2024-T851  Aluminum  Alloy 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate 

2.541  to  5.080  (1.001  to  2.000) 
T851 


Testing  Temperature,  K <F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TVS,  MN/m2  (ks.) 

Avg 

Min 

Sul  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  ot  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No.  of 

Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec  (No.  of 

Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong.  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (t06  psi) 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No  ol  Heats) 

References:  72563, 80995 


297 (75) 


496  (72.0) 


454  (65.8) 


7.8 


17 


578  (83.8) 


488  (70.8) 


444  (64.4) 


7.2 


195  (-108) 


77  (-320) 


4 (-452) 


536  (77.8) 


492  (71.3) 


6.0 


14 


581  (84.2) 


524  (76.0) 


477  (69.2) 


6.8 


688  (99.8) 


574  (83.3) 


7.7 


13 


623  (90.4) 


605  (87.7) 


545  (79.0) 


7.5 


720  <104.4 


625  (90.7) 


9.5 


14 


733  (106.3 


4.2.3  7 (11/76) 


170 


Alloy  Designation: 

Specification : 

Form: 

Thickness,  c n (in.): 
Condition: 


TABLE  4.2.3  ME8 


2024-T4 

Bar 


2024-T4  Aluminum  Alloy 


Bar 

Up  to  2.540  11.000} 

T4 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  3561 1 , 47334 


297 (75) 


195  (-108)  | 122  (-240)  (77  (-320)  20  (-423) 


Avg  488  (70.8)  502  (72.8)  538  (78.0)  616  (89.4)  752  (109) 


! 4 (-452) 


738  (107) 


Mm  483  ( 70.0)  488  ( 70.8) 


600  (87.0)  752  (109) 


Avg  363  (52.6)  365  (52.9)  379  (55  0)  470  (68.1)  586  (85) 

Mm  345  (50.0)  354  (51.4)  441  (64.0)  586  (85) 


18.8 

17.5 

20.0 

T5.0 

15.0 

18.1 

18.6 

20.8 

16.5 

18.0 

(2) 

2 (1) 

1 

4.2.3-8(11/76) 


2024-T86 

TABLE  4.2.3-ME10 

Bar 

Alloy  Designation: 

2024-786  Aluminum  Alloy 

Specification: 

Form: 

Bar 

Thickness,  cm  (in.): 

Up  to  2.540  (1.000) 

Condition: 

T86 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Avg  512  (74.2)  552  (80.0) 

Mm  510  (73.9)  551  (70.9) 


Avg  494  (71 .6)  526  (76.3) 

Mm  493  (71.5)  525  (76.1) 


633  (91.8)  723  (104.9) 

628  (91.1)  720  (104.4) 


590  (85.6)  643  (93.2) 

590  (85.5)  641  (93.0) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  =*  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec  (No.  of  Heats) 

References  54986 


4.2.3-10(11/76) 


2024  T86 

TABLE  4.2.3-ME11 

Bar 

Alloy  Designation: 

2Q24-T86  Aluminum  Alloy 

Specification : 

Form: 

Bar 

Thickness,  cm  (in.): 

Up  to  2.540  (1.000) 

Condition: 

T86 

Testing  Temperature,  K (F) 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi) 

No.  of  Spec  (No.  o(  Heats) 

Ec,  GN  /m2  (10®  psi) 

No  of  Spec  (No.  of  Heats) 

Compression,  Transverse 


CYS.  MN/m2  (ksi) 

No  of  Spec  (No  of  Heats) 

Ec,  GN/m2  ( 10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Shear(a) 

SUS,  MN/m2  (ksi) 

No  of  Spec.  (No.  of  Heats) 

G,  GN/m2  ( 106  psi) 

No.  of  Spec..  (No.  of  Heats) 

Impact,  Charpy  V 


Long.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No  of  Spec  (No  of  Heats) 

Fracture  Toughness^ 

K|cMN/m3/2(ksi/in.)  Avg 

Mm 

Orientation  - 

No.  of  Spec  (No.  of  Heats) 

K|£,  MN/m3/2(ksi/in.)  Avg 

(From  PTSC  spec.)!  - )Mm 
No  of  Spec  (No  of  Heats! 

References:  54986 


195  (-108) 


Avg 

4.8 

(3.5) 

4.1 

(3.0) 

Mm 

4.1 

(3.0) 

4.1 

(3.0) 

1 

Avg 

Min 

4 

(1) 

4 

(1) 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


4.2  3 11  (11/76) 


2024-T351 

TABLE  4.2.3  ME  12 

Bar 

Alloy  Designation: 

2024-T351  Aluminum  Alloy 

Specification: 

Form: 

Bar 

Thickness,  cm  (in.): 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

T351 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  <ksi> 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


Avg  479  (69.4) 

Mm 


Avg  365  (53.0) 

Mm 


610  (88.5) 


478  (69.3) 


RA,  percent  Avg 

Mm 

No  ot  Spec.  (No.  of  Heats)  1 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Worts  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  562  (81.5) 

Kt  = 2.4  Mm  507  (73.6) 

No.  of  Spec  (No.  of  Heats)  2 (1) 

NTS,  MN/m2  (ksi)  Avg  518  (75.2) 

Kt  * 13.3  Min  479  (69.5) 

No.  of  Spec.  (No.  cf  Heats)  2 (1) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  472  (68.4) 

Mm 


Avg  327  (47.4) 

Mm 


682  (9t  J) 

599  (86.9) 

2 (1) 

625  (90.6) 

553  (80.2) 

2 (1) 


594  |86.1) 


428  (62.1) 


RA,  percent  / 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

K 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  = 2.4  D 

No.  of  Spec.  (No.  Of  Heats! 

NTS,  MN/m2  (ksi)  A 

Kt  ’ 13.3  K 

No.  of  Spec.  (No  of  Heats) 

\ 

References:  90188 


Avg 

544 

(78.9) 

Mm 

499 

(72.4) 

i 

2 

(1) 

Avg 

497 

(72.1) 

Mm 

463 

(67.2) 

i 

2 

(1) 

654  (94.8) 

576  (83.6) 

2 (1) 

595  (86.3) 

545  (79.1) 

2 (1) 


4,2.3-12  (11/76) 


TABLE  4.2.3-TR1 

Alloy  Designation: 

2024-0  Aluminum  Alloy 

Specification: 


Dimension: 

Condition: 


Testing  Temperature  K (Ft 


Thermal  Conductivity 

Watts  m"1  K'1 
Btu  hr1  ft'1  F-1 
No  of  Spec. 

References:  90195 

Thermal  Expansion  (T273  t 
Longitudinal 

Percent 

No.  01  Spec. 

References:  74405 

Specific  Heat 

Joules  kg"1  K"1 
Btu  lb'1  F-1 

No.  of  Spec. 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"1 

No.  of  Spec. 

References:  90164,  90195 


3.26x  10 8 1.15  x 10'8  0.700x  10 8 0.608x  10 8 0.605x1  O'8  0.605  xIO'8 

(19.6)  (6.92)  (4.21)  (3.66)  (3.64)  (3.6 

13  13  13  13  13  13 


4.2.3-13  (11/76) 


— 


Temperature,  F 


FIGURE  4.2.3-Ct.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 
ALLOY  2024  0 


177< 


4.2.3-14  (11/76) 


Thermal  Conductivity,  Btu  hr'fHF' 


Temperature, 


FIGURE  4.2.3-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  ALUMINUM  ALLOY  2024-0 


Alloy  Designation: 


7 024  T4 


TABLE  4,2.3  TR2 


2024-T4  Aluminum  Alloy 


Specification: 


Dimension 

Condition: 


Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  m'1  K'l 
Btu  hr1  It  1 F1 

No  ot  Spec 

References:  90225 

Thermal  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References: 

Specific  Heat 

Joules  kg-1  K’1 
Btu  lb'1  F-1 

No  of  Spec 

References:  90223 


Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"^ 

No  o*  Spec. 

References:  90164 


5.54  x 10  8 

(33.3) 

5 


3.60  x 10  8 

(21.6) 

5 


3.20  x 10'8 

(19.2) 

5 


3.08  x 10-8 

(18.5) 

5 


3.08  x 10  8 

(18.6) 

5 


3.08  x 10  8 
(11 

5 


1 


4.2.3  17  (11/761 


Electrical  Resistivity,  ohm  m * 10 


10  100  300 

Temperature,  K 


FIGURE  4.2.3-R2.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 
ALLOY  2024-T4 


4.2.3-20  {11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft 


TABLE  4.2.3-TR3 


2024-T6 


Alloy  Designation:  2024  T6  Aluminum  Alloy 


Specification: 

Form: 

Dimension: 

Condition:  T6 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  ( 370) 

20  (423) 

10  (-442) 

4 (-452) 

Thermal  Conductivity 

Watts  m*  K'* 

Btu  hr*  ft  * F~1 

No  of  Spec 

References: 

Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No  0!  Spec 

References: 

Specific  Heat 

Joules  kg'*  K~* 

Btu  lb*  F'* 

No  of  Spec 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'* 

No  ol  Spec 

References:  90164 

4.61  x 10  8 

(27.7) 

3 

2.47  X 108 

(14.9) 

3 

2.05  x 10  8 

(12.3) 

3 

1.99  x 10  8 

(12.0) 

3 

1.93  x 10‘8 

(11.9) 

3 

| 

| 

1,93  x 10  8 

(11.9) 

3 

Electrical  Resistivity,  ohm  m x 10 


FIGURE  4.2.3-R3.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 
ALLOY  2024-T6 


1 


4.2.3-22  (11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft* 


2024  T86 


TABLE  4.2.3  TR4 

Alloy  Designation:  2024  T86  Aluminum  Alloy 

* Specification: 

Form: 

Dimension: 

Condition:  T86 


Testing  Temperature  K (F) 

273 

(32) 

100  (280) 

50  < 370) 

20 

< -423) 

10 

(-442) 

4 (-452) 

Thermal  Conductivity 

Watts  m '1  K 1 
Btu  hr'1  ft"1  F'l 

No  ot  S Dci- 

References:  90195 

150 

1 

(86.5) 

101 

(58.4) 

1 

71.1 

(41.1) 

1 

31.8 

1 

08.4) 

15.7 

1 

(9.08) 

Thermal  Expansion  (Tj7i  to  T) 

Longitudinal 

Percent 

tV  • Of  Spe. 

References:  74405 

0 

1 

0.308 

1 

-0.348 

1 

-0.353 

1 

0.353 

1 

0.353 

1 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No  o*  Ssvc 

References. 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 

No  of  Spec 

References:  90164, 90195 

4.22  x 10'® 

(25.4) 

2 

2.13  x 10  8 

(12.8) 

2 

1.69  x 10'8 

(10.2) 

2 

1.59  x 10'8 

(9.56) 

2 

1.59  x 10'8 

(9.56) 

2 

1.59  x 10  8 

(9.56) 

2 

Thermal  Conductivity,  watts  m-J  K' 


Thermal  Conductivity , Btu  hr' ft’1 


Temperature,  F 

-400 -300  -200  -100 


FIGURE  4.2.3-E2.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  ALUMINUM  ALLOY  2024-T86 


FIGURE  4.2.3-R4.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 
ALLOY  2024-T86 


4.2.3-26(11/76) 


TABLE  4.3.1-ME2.1 


5083-H113 
Plate- Weld  Metal 


Alloy  Designation:  5083  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form:  Plate-MIG  welded,  5183  Alloy  filler 

Thickness,  cm  (in.):  0.635  to  1 .269  (0.250  to  0.499) 
Condition:  5083-H 113  Plata,  tested  as  welded 


Testing  Temperature,  K (F) 


297  (75) 

L _1_ 

77  ( 320) 

I ~ 

Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  Mhl/m2  (ksi) 

Avg 

K.= 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kf 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Eking,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heat s) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt» 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (k$i) 

Avg 

*t  * 

Mm 

No  of  Spec.  (No  of  Hears) 

References:  90083 


285  141.3) 


141  (20.4) 


16.3 


3 (1) 


409  (59.3) 


177  (25.7) 


21.9 


9 (1) 


43.1  2.1  (11/76) 


TABLE  4.3.1 -ME22 

6063-H113 
Plate-Weld  Metal 

Alloy  Dwiptation: 

6063  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-MIG  welded,  6183  Alloy  filler 

1 hick  neat,  cm  (in.):  0.636  to  1.260  (0260  to  0409) 

Condition:  6063-H1 13  Plate,  Meted  at  welded 


Tatting  Temperature,  K (F)  J 297  (76) 


Fatigue,  Axial  Loading 

Sfg  at  10®  cycle*,  MN/m^kti) 

Loading  frequency  Hi 
with  R ■ and  - 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  10®  eyelet 

Sfg  at  10®  eyelet,  MN/m^kti) 

Loading  frequency  Hi 
with  R ■ and  Kt  - 

No.  of  S-N  Curves  (No.  of  Haats) 

Ratio  S^/TUS  at  10*  eydat 

Sfg  at  107  cydet,  MN/m^kti) 

Loading  frequency  Hz 
with  R - and  Kt  - 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  107  eyelet 

Fatigue,  Flexural  Loading 

Sfg  at  10®  cydet.  MN/m^kti)  141  (20.5) 

Loading  frequency  Hz 
with  R - -1  and  Kt  - 

No.  of  S-N  Curves  (No.  of  Heats)  2 (1) 

Ratio  Sfg/TUS  at  10®  cycle* 

Sfg  at  10®  cydet,  MN/m^ksi)  89.6  (13.0) 

Loading  frequency  Hz 
with  R ■ -1  and  Kt  “ 

No  of  S-N  Curves  (No.  of  Heats)  2 (1) 

Ratio  SfgfTUS  at  10®  eyelet 

Sfg  at  107  cydet,  MN/m2(kti)  K0.3  (8.75) 

Loading  frequency  Hz 
with  R - -1  and  Kt  ■ 

No.  of  S-N  Curves  (No.  of  Heats)  2 (1) 

Ratio  Sfg/TUS  at  107  eyelet 


77  (-320) 


171  (24.8) 


2 (1) 


130  (18.8) 


2 (1) 


96.6  (14.3) 


2 (1) 


References:  “TQ83 


I9i< 


4.3.1-22  (11/78) 


TABLE  4.3.1-ME3 


Alloy  Deaignetion:  5063-0  Aluminum  Altoy 

Specification: 

Form:  Plate 

Thickness,  cm  (in.) : 1 .270  to  2.640  {0500  to  1 .000) 
Condition:  Annaalad  (0) 


Tatting  Temperature,  K (F) 
Tension,  Longitudinal 


297  175) 


144  (-200)  1116 


TUS,  MN/m2  (ksi) 

Avg 

319 

(46.3) 

Min 

314 

(45.5) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

143 

(20.7) 

Min 

138 

(20.0) 

Std.  Deviation 

Elong,  percent 

Avg 

20.2 

Min 

18.0 

RA,  percent 

Avg 

29.3 

Min 

22 

No.  of  Spec.  (No.  of  Heats) 

13 

(4) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

354 

(51.4) 

Kt=  14 

Min 

330 

(47.8) 

No.  of  Spec.  (No.  of  Heats) 

6 

(2) 

NTS,  MN/m2  (ksi) 

Avg 

336 

(48.8) 

Kt  - 15 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

316 

(45.8) 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

143 

(20.7) 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

23.3 

Min 

RA,  percent 

Avg 

32.7 

Min 

No.  of  Spec.  (No. 

of  Heats) 

7 

(2) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

323 

(46.8) 

K*-  15 

Min 

No.  of  Spec.  (No.  of  Heats) 

6 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No  of  Spec.  (No. 

of  Heats) 

References:  39134,48561,90187,90190 

4.3.1-3(11/78) 


77 

(-320) 

20 

(-423) 

4 

(-452) 

436 

(63.3) 

567 

(85.2) 

557 

(80.8) 

425 

(61.7) 

582 

(84.4) 

556 

(80.6) 

159 

(23.0) 

174 

(25.2) 

179 

(25.8) 

154 

(22.4) 

172 

(25.0) 

179 

(25.8) 

36.2 

29 

12  (4) 


409 

(59.4) 

409 

(59.3)  430 

(62.3) 

393 

(57.0) 

406 

(59.0)  419 

(60.8) 

5 

(2) 

3 

(1)  3 

(1) 

408 

(59.2) 

426  (62.8) 


160  (23.2) 


34.3 
7 (2) 


388  (56.3) 

6 (1) 


1 *K?< 


TABLE  4A1-WE3.1 

Alloy  Designation:  5083  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form:  Plate-MIG  wtldad,  6183  Alloy  filler 

Thick  net*,  cm  (in.):  1-270  to  2.540  (0500  to  1.000) 
Condition:  50830  Plate,  tested  at  welded 


Plate-Weld  Maul 


Testing  Temperature,  K (F) 

297(75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

301  (43.7) 

Min 

293  (42.5) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

151  (21.9) 

Min 

139  (28.1) 

Std.  Deviation 

Elong,  percent 

Avg 

18.4 

Min 

17.4 

RA,  percent 

Avg 

Min 

33.7 

No.  of  Spec.  (No.  of  Heats) 

4 (2) 

E.  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

314  (45.5) 

Kt«  15-16 

Min 

308  (44.7) 

No.  of  Spec.  (No.  of  Heats)  1 

4 (ZJ 

196  (-108) 

'144  (-200) 

116 

303  (43.9) 

337  (48.9) 

372 

143  (20.7) 

161  (23.4) 

169 

31.0 

21.6 

44 

31.3 

1 

3 (1) 

3 

401  (58.2) 


154  (22.4) 


Avg  314  (45.5)  344  (49.9)  348  (50.8)  370  (53.6)  365  (52.9)  372  (53.9) 

Min  308  (44.7)  345  (50.1) 

4 (2 ) 1 3 <f)  3 (?)  4 (2)  1 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K{  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats! 

References:  90072, 90187 


4.3.1 -3.1  (11/76) 


Testing  Temperature,  K (F) 

297  (76) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

284  (41.2) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

146  (21.2) 

Std.  Deviation 

Elong,  percent 

fl 

12.5 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

1 

E,  GN/m2  (10®  psi) 

Avg  i 

Min  i 

No.  of  Spec.  (No.  of  Heat') 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS.  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poiswn's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 


References:  48787 


414 


170 


1 


(60.1) 

(24.7) 

20.0 


4.3.1-3.2(11/76) 


TABLE  4.3.1-ME3.3 


5063-H113 
PlateWeW  Metal 


Alloy  Desqpation:  5083  Aluminum  Alloy  (Wold  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded.  6666  Alloy  filter 
1 .270  to  2.640  (0.500  to  1.000) 
6083-H1 13  Plate,  tested  as  welded 


Tasting  Temperature,  K (F) 


297(76) 

77  (-320) 

Fatigue,  Axial  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = 0 and  Kj  ■ 

No  of  S-N  Curves  (No.  of  Heats) 


193  (28.0) 

1 


221  (32.0) 

1 


Ratio  Sfg/TUS  at  10®  cycles 


at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R'0  and  K*  * 

No.  of  S-N  Curves  (No.  of  Heats) 


138  (20.0) 

1 


Ratio  S|y/TUS  at  10®  cycles 

Sjg  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R - and  Kt  - 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 


Fatigue,  Flexural  Loading 

S|q  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  Kt  * 

No.  of  S-N  Curves  (No.  of  Heats) 


179  (26.0) 

1 


Ratio  Sfg/TUS  at  10®  cycles 

Sjg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  “ 

No.  of  S-N  Curves  (No.  of  Heat:) 

Ratio  Sfg/TUS  at  10®  cycles 

Sfg  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R “ and  K{  =* 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 


References:  48787 


Q 


i 


4.31-3.3(11/78) 


T ABLE  4.3.1  -ME3.5 


Alloy  Designation:  5083  Aluminum  Alloy  (WeW  Metal) 

Specification: 

Form:  Plate-MIG  welded,  5356  Alloy  filler 

Thickness,  cm  (in.):  1-270  to  2.540  (0.500  to  1.000) 
Condition:  5083  H321  Plata,  tested  as  welded 


5083-H321 
Plata  Weld  Metal 


Tasting  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 


Avg  286  (41.5)  303  (43.9) 

Mm 


Avg  168  (24.3)  186  (27.0) 

Mm 


427  (61.9) 


201  (29.1) 


455  (66.0) 


235  (34.1) 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  371  (53.8)  396  (575) 

Kt  = 16  Min 

No.  of  Spec.  (No.  of  Heats)  1 1 

NTS,  MN/m2  (ksi)  Avg 

* Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 


TYS,  MN/n»2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent  / 

I. 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2(10®|w)  / 

k 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


418  (60.6) 


398  (57.7) 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avv 

Kt  * Mm  i 

No.  of  Spec.  (No.  of  Heats)  | 

References:  90072 


4.3.1-3.5(11/76) 


■■MM IMgpN 


TABLE  4.3.1-ME3.6 


Alloy  Designation:  5083  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form:  Plate-MfG  welded,  5556  Alloy  filler 

Thickness,  cm  (in.):  1 270  to  2.540  (0.500  to  1.000) 
Condition:  5083-H321  Plate,  tested  as  welded 


5083  H321 
Plate-Weld  Metal 


Testing  Temperature,  K (F) 


297 (75) 

195  (-108) 

77  (320) 

4 (-452)  I 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (t06  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K.  = 16 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Min 

No.  of  Spec  (No 

of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No,  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

*t- 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

306  (44.4) 


177  (25.6) 


14.0 


36 


370  (53.7) 


319  (46.3) 


184  (26.7) 


18.5 


46 


401  (58.1) 


450  (65.3) 


211  (30.6) 


20.5 


26 


417  (60.5) 


474  (68.8) 


239  (34.6) 


13.0 


17 


399  (57.9) 


References: 


90072 


i 


4.3. 1-3.6  (11/76) 


4 


Totting  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 


297  (75) 


Avg  295  (42.8) 

Min  280  (40.6) 


TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA.  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (kti)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  . Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10®  pst)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Av* 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


146  (21.2) 

129  (18.7) 


22.5 

17.7 


10  (1) 


References:  96694 


419  (60.8) 

405  (58.8) 


177  (25  6) 

160  (23.2) 


24.5 

20.8 


10  (1) 


0.1-3.7(11/76) 


I 


ij 


5083-0 

TABLE  4.3,1^f£3.8  Plete-Weld  Metal 

Alloy  Designation.  5083-0  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-MIG  welded,  5356  Alloy  filler 

Thickness,  cm  (in.):  2.541  to  5.080  (1.001  to  2.000) 

Condition:  5083-0  Plate,  tatted  as  welded 


T estrng  Temperature,  K (F) 


297  (75) 


77  (-320) 


Tension,  Longitudinal 
TUS,  MN/m2  <ki-> 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  1106  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg 

Min 


Avg 

Min 


Avg 

Min 

Avg 

Min 


Avg 

Min 


291  (42.2) 

288  (41.7) 


145  (21.2) 

142  (20.6) 


17.9 

16.1 


407  (59.1) 

387  (S6.2) 


172  (24.91 

171  (24.8) 


23.2 

20.5 


(1) 


(1) 


NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Eiong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  OO6  psi) 

Avg 

Min 

No.  of  Spec.  (No.  o>  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt« 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  ■ 

Min 

No.  of  Spec.  (No.  of  Heats) 

References:  96694 


£00 


4.3. 1-3.8  (11776) 


TABLE  4.3.1-ME4.  RESULTS  OF  ALCOA  ANALYSIS  FOR  DEVELOPMENT  OF  MAXIMUM 

ALLOWABLE  DESIGN  STRESSES*3*  FOR  5083  0 SHEET  AND  PLATE  AT 
CRYOGENIC  TEMPERATURES  (90174) 


Testing 
Temperature 
K F 

Min.TUS 
MN/m^  Ksi 

MinTUS/4 
MN/m2  Ksi 

Min.  TYS 
MN/m2  Ksi 

Min.  TYS 
MN/m2 

x 2/3 
Ksi 

Desian 

MN/m2 

Stress 

Ksi 

Thickness  0.130  to  3.810  cm  (0.051  to  1.500  in.) 

297 

75 

276 

40.0 

69.0 

10.0 

124 

18.0 

82.7 

12.0 

69.0 

10.0 

255 

0 

276 

40.0 

69.0 

10.0 

124 

18.0 

82.7 

12.0 

69.0 

10.0 

227 

-50 

276 

40.0 

69.0 

10.0 

124 

18.0 

82.7 

12.0 

69.0 

10.0 

200 

-100 

278 

40.4 

69.6 

10.1 

124 

18.0 

82.7 

12.0 

69.6 

10.1 

172 

-150 

285 

41.4 

71.7 

10.4 

126 

18.3 

84.1 

12.2 

71.7 

10.4 

144 

-200 

302 

43.8 

75.8 

11.0 

129 

18.7 

86.2 

12.5 

75.8 

11.0 

117 

-250 

332 

48.2 

82.7 

12.0 

133 

19.3 

88.9 

12.9 

82.7 

12.0 

111 

-260 

340 

49.3 

84.8 

12.3 

134 

19.4 

88.9 

12.9 

84.8 

12.3 

89 

-300 

368 

53.3 

91.7 

13.3 

136 

19.8 

91.0 

13.2 

91.0 

13.2 

77 

-320 

381 

55.2 

95.2 

13.8 

138 

20.1 

92.4 

13.4 

92.4 

13.4 

Thickness  3.811  to  7.620  cm  (1.501  to  3.000  in.) 

297 

75 

269 

39.0 

66.9 

9.7 

117 

17.0 

77.9 

11.3 

66.9 

9.7 

255 

0 

269 

39.0 

66.9 

9.7 

117 

17.0 

77.9 

11.3 

66.9 

9.7 

227 

-50 

270 

39.1 

67.6 

9.8 

117 

17.0 

77.9 

11.3 

67.6 

9.8 

200 

-100 

272 

39.4 

67.6 

9.8 

117 

17.0 

77.9 

11.3 

67.6 

9.8 

172 

-150 

278 

40.4 

69.6 

10.1 

118 

17.2 

79.3 

11.5 

69.6 

10.1 

144 

-200 

294 

42.7 

73.8 

10.7 

121 

17.6 

80.7 

11.7 

73.8 

10.7 

117 

-250 

324 

47.0 

81.4 

11.8 

125 

18.2 

83.4 

12.1 

81.4 

11.8 

111 

-260 

332 

48.1 

82.7 

12.0 

126 

18.3 

84.1 

12.2 

82.7 

12.0 

89 

-300 

358 

52.0 

89.6 

13.0 

129 

18.7 

86.2 

12.5 

86.2 

12.5 

77 

-320 

371 

53.8 

92.4 

13.4 

130 

18.9 

86.9 

12.6 

86.9 

12.6 

Thickness  7.621 

to  12.700  cm  (3.001  to  5.000  in.) 

297 

75 

262 

38.0 

65.5 

9.5 

110 

16.0 

73.8 

10.7 

65.5 

9.5 

255 

0 

262 

38.0 

65.5 

9.5 

110 

16.0 

73.8 

10.7 

65.5 

9.5 

227 

-50 

263 

38.1 

65.5 

9.5 

110 

16.0 

73.8 

10.7 

65.5 

9.5 

200 

-100 

265 

38.4 

66.2 

9.6 

110 

16.0 

73.8 

10.7 

66.2 

9.6 

172 

-150 

272 

39.4 

67.6 

9.8 

112 

16.2 

74.5 

10.8 

67.2 

9.8 

144 

-200 

287 

41.6 

71.7 

10.4 

114 

16.6 

76.5 

11.1 

71.7 

10.4 

117 

-250 

316 

45.8 

78.6 

11.4 

118 

17.1 

78.6 

11.4 

78.6 

11.4 

111 

-260 

323 

46.8 

80.7 

11.7 

118 

17.2 

79.3 

11.5 

79.3 

11.5 

89 

-300 

350 

50.7 

87.6 

12.7 

121 

17.6 

80.7 

11.7 

80.7 

11.7 

77 

-320 

362 

52.5 

90.3 

13.1 

123 

17.8 

82.0 

11.9 

82.0 

11.9 

(a)  Allowable  design  stresses  are  determined  on  the  basis  of  the  lower  of  (1)  one-fourth  of  the  minimum  tensile 
strength  or  (2)  two-thirds  of  the  minimum  yield  strength.  Classical  statistical  methods  were  not  used  in 
reduction  jf  the  data. 


20i< 

4.3.1-4(11/75) 


i 


Alloy  Designation:  5083  0 Aluminum  Alloy 


Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

Over  5.080  (2.000) 

Condition: 

Annealed  (0) 

TABLE  4.3.1-ME8 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297  (43.1) 

273  (39.6) 


132  (19/.) 

121  (17.6) 


110  (-260)177  (-320) 


383  (55.5)|  412  (59.7) 

374  (54.3) 


148  (215) 

141  (20.5) 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 
NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std,  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats! 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90176,96690,96691 


26.8 

14 

9 (4) 


295 

19 

9 (4) 


294 

(42.7) 

396  (57.4) 

387 

(58.1) 

262 

(38.0) 

351 

(50.9) 

133 

(19.3) 

157  (22.7) 

150 

(215) 

121 

(17.5) 

141 

(20.4) 

18.3 

295 

225 

14 

15.5 

22.7 

28.7 

23.2 

14 

17 

11 

(4) 

3 (2) 

8 

(4) 

4,3.1 -9  (11/76) 


TABLE  4.3.1  ME9 


Alloy  Designation:  5083-0  Aluminum  Alloy 


Specification: 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 
Condition:  Annealed  (0) 


Testing  Temperature,  K (F) 

1 297 

(75)  ! 

110 

(-260) 

77  (-320) 

Tension,  Short  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

268 

(38.8) 

323 

(46.8) 

332 

(48.1) 

Min 

245 

(35.6) 

316 

(45.8) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

127 

(18.4) 

156 

(22.6) 

144 

(20.9) 

Min 

116 

(16.8) 

135 

(19.6) 

Std.  Deviation 

Elong,  percent 

Avg 

11.0 

10.0 

11.38 

Min 

10 

9.5 

RA,  percent 

Avg 

11.5 

11.0 

12.0 

Min 

11 

11 

No.  of  Spec.  (No.  of  Heats) 

5 

(3) 

(1) 

5 

(3) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Referer.  m:  90176,96691 


4.3.1-10  01/76) 


2 5 10  50  100 


3 /2 

Stress  Intensity  Factor  Range  , AK  , MN/m 


FIGURE  4.3.1-ME2.  FATIGUE-CRACK  GROWTH  RATE  OF  5083-0  ALUMINUM  ALLOY 
AT  4 K(94208D) 


£<;«• 


4.3.1-12  (11/75) 


5083-0 

Plate 


Stress  Intensity  Factor  Range,  AK , ksi-/R 


4 6 8 10 


40  60  80  100  , 

-1 — TT-TT-riiO"3 


Plate  Thickness  17.8  to  19.6  cm  (7  to  7.7  in.) 
+ CNT3  T 

x CNT4  fRoom  temperature 
o CNT2  J v 

v CNTI  (-320  F) 


Q) 

U 

>> 

>-4 


V-5  o 


4.4  6.6  88  II 


-.1. i I.  J.  1 i J |Q“6 

44  66  88  110 


Stress  Intensity  Factor  Range,  AK , MN/m3/2 

FIGURE  4.3.1-ME4.  FATIGUE  CRACK  GROWTH  RATE  OF  5083-0  ALUMINUM  PLATE 
MIG  WELDED  (5183  ALLOY  FILLER)  [90175] 


4.3.1-12.2(11/76) 


Testing  Temperature  K (F)  273 


Thermal  Conductivity 

Watts  m*'  K*' 

Btu  hr*'  ft*1  F-1 
No  of  Spec 

References:  90225 


{321  100  (-280)  BO  1-370)  20  (-423)  10  (-442) 


82  38 

(36.8) 

1 1 


17.3  8.6 

(22.0)  (10.0)  (4.9) 

1 1 


Thermal  Expansion  (T; 
Longitudinal  (-H113) 

Percent 
No.  of  Spec. 

References.  74405 


Joules  kg*'  K*1 
Btu  lb*'  F*' 
No.  of  Spec. 

References: 


Electrical  Resistivity  (-0,  -H113) 
Ohm  m 

Ohm  circular  mil  ft"' 

No  of  Spec. 

References:  79561,90164 


6.70  x 10-8  3.60  x ir8  3.20  x 10*8  3.05  x 10-8  3.05  x 108  3.05  x 10 

(34.3)  (21.7)  (19.3)  (1.76)  (1.76)  (1. 

4 4 4 4 4 4 


4.3.1-12.3  (11/76) 


TABLE  4 .3.2 -ME! 

Alloy  Designation: 

5456-0  Aluminum  Alloy 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

0 

Testing  Temper  at  ura,  K (F| 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  Iks.) 
Std.  Deviation 

Eiong,  percent 


297  (75) 


Avg  351  (50.9) 

Mm 


Avg  183  (265) 

Min 


77  (-320)  20  (423) 


RA,  percent  / 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  ) 

b 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  t 

Kt  = 6.3  N 

No.  of  Spec.  (No.  of  Heats) 


Avg  332  (48.1) 

Mm 

4 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  « Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Eiong,  percent 


Avg  j 323  (46.9) 

Min 


Avg  177  (25.7) 

Min 


25.4 

2 (1) 


307  (44.5) 

4 (1) 


440  (63.8) 


200  (29.0) 


RA,  percent  / 

No.  of  Spec  (No  of  Heats) 

E,  GN/m2  (10®  psi)  / 

K 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

K,  - 11.1 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

K,-  15 

No.  of  Spec.  (No.  of  Heats) 

References.  56756, 90188 


Avg  287  (41.6) 

Min 

> 1 

Avg  274  (39.7) 

Min 

1 1 


296  (43.0) 


305  (44.3) 


4 .3.2-1  (11776) 


Alloy  Designation: 

TA8LE  4.3.2-ME2 

5456-H24  Aluminum  Alloy 

5456  H24 
Sheet 

Specification: 

Form: 

Sheet 

Thidtness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

H24 

Testing  Temperature,  K ( F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Woik  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  * 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt“.  111 

Min 

N't  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  / 

Kt  - 15  ^ 

No.  of  Spec.  (No.  of  Heats) 

References:  42002,90188 


Avg  313  (45.4) 

Mm 

1 


77 

(•320) 

20  (423) 

“I 

518 

(75.1) 

596  (86.4) 

589  (85.4) 

382 

(55.4) 

389  (56.4) 

379  (55.0) 

13.2 

7.7 

7.5 

1 

5 (1) 

80.0 

(11.6) 

88.3  (12.8) 

1 

1 

475  (68.9)  571  (82.8) 

557  (80.8) 


330  (47.9)  384  (55.7) 

384  (55.7) 


2 (2)  2 (1) 


331  (48.0) 

1 

325  (47.2) 


4.3.2-2(11/76) 


Alloy  Designation: 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.3.2-ME3 
5456  Aluminum  Alloy  (Weld  Metal) 


Sheet  TIG  welded,  4043  Alloy  filler 
0.100  to  0319  (0.040  to  0.125) 
54564124  TIG  welded  end  tested 


5456-H24 
Sheet-Weld  Metal 


Testing  Temperature,  K <F) 
Tension,  Longitudinal 


297(75) 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  o‘  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi)  / 

N 

Std.  Deviation 

TYS,  MN/m2  (ksi)  / 

K 

Std.  Deviation 

Elong,  percent  / 

fi 

RA,  percent  / 

K 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

K 

No  of  Spec.  (No.  of  Heats) 

Poisecr/s  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kf  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  42002 


77 

(-320)  ! 

1 

409 

(59.3) 

353  ( 51.2) 


10  (1) 


Avg  351  (50.9) 

Min 


411  (59.6)  387  (56.1) 

372  (54.0) 


4.3.2-3(11/76) 


TABLE  4.3.2  ME4 


5456-H321 

Sheet 


Alloy  Designation: 


545 6 H 321  Aluminum  Alloy 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

H321 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

M in 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  pst) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 30.3 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TVS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 30.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec.'  (No.  of  Heats) 

References:  90076 

528  (76.6)  665  (96.4| 


322  (46.7)  363  (52.6) 


3 (1)  3 (1) 


363  (52.7)  392  (56.9) 

3 (1)  3 (1) 


500  (72.5)  613  (88.9) 


322  (46.7)  373  (54.1) 


366  (53.1)  389  (56.4) 

3 (1)  3 fl) 


4.3.2-4(11/76) 


Specification: 

Form: 

Thickness,  cm  (in.)  • 
Condition: 


Sheet  TIG  voided.  5556  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 
5456-H321  Sheet,  welded  and  tested 


Testing  Temperature,  K <F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 


297  (75) 


Avg  358  (32.6) 

Min 


Avg  225  (32.6) 

Min 


439  (69.7)  407  (59.1) 


260  (37.7)  341  (49.5) 


Elong,  percent 


RA,  percent 


No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 


3 (1)  3 (1) 


No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  » 30.3  N. 

No.  of  Spec.  (No.  of  Heats) 


Avg  375  <54.4) 

Min 

3 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 


412  (59.7)  412  (59.7) 

3 (1)  3 (1) 


Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  375  (51.7) 

Min 


Avg  209  (30.3) 

Mm 


435  (63.1)  428  (62.1) 


247  (35.8)  379  (55.0) 


RA,  percent  / 

b 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  f 

b 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  - 30.3  b 

No.  of  Spec.  (No.  of  Heats) 


Avg  357  (51.8) 

Min 

3 (1) 


NTS,  MN/m2  (ksi)  Avg 

K{  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  90076 


3 (1)  3 (1) 


394  (57.1)  384  (55.7) 


3 (1)  3 (1) 


4.3.2-5(11/76) 


5456  H343 

TABLE  4.3.2-ME6 

Sheet 

Alloy  Designation: 

5456-H343  Aluminum  Alloy 

Specification: 

Form: 

Sheet 

Thickness,  cm  {in.): 

O.tOO  to  0.319  (0.040  to  0.125) 

Condition: 

H343 

Testing  Temperature,  K (F) 

297  (75) 

195 

20 

(-423) 

' 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

395 

(57.3) 

401 

(58.2)  427 

(62.0) 

510 

(73.9) 

592 

(85.9) 

Mm 

339 

(56.4) 

393 

(57.0) 

488 

(70.8) 

554 

(80.4) 

Std  Deviation 

5.31 

(0.77) 

10.0 

(1.45) 

26.6 

(3.86) 

TYS,  MN/m2  (ksi) 

Avg 

323 

(46.8) 

344 

(49.9)  324 

(47.0) 

377 

(54.7) 

412 

(59.8) 

Min 

298 

(43.2) 

310 

(45,0) 

348 

(50.5) 

372 

(53.9) 

Std.  Deviation 

19.9 

(2.88) 

23.7 

(8.43) 

33.4 

(4.84) 

Elong,  percent 

Avg 

8.4 

9.9 

11.7 

11.5 

9.4 

Min 

7.0 

9.3 

7.0 

8.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No,  of  Heats! 

9 

(3) 

6 

(2)  1 

9 

(3) 

9 

(3) 

E,  GN/m2  (TO6  psi) 

Avg  | 

71.7 

(10,4) 

73.8 

(10.7) 

73.8 

(10.7) 

77.9 

(11.3) 

Min 

70,3 

(10.2) 

69.6 

(10.1) 

70.3 

(10.2) 

75.2 

(10.9) 

No  of  Spec.  (No.  of  Heats) 

6 

(2) 

5 

(1) 

6 

(2) 

6 

(2) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

405 

(58.8) 

489 

(70.9) 

542 

(78.6) 

K*  = 3.5 

Min 

402 

(58.3) 

485 

(70.4) 

535 

(77.6) 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

3 

(1) 

NTS,  MN/m2  (ksi) 

Avg  1 

393 

(57.0) 

394 

(57.2) 

444 

(64.4) 

472 

(68.5) 

K*  = 6.3 

Min 

390 

(56.6) 

392 

(56.8) 

442 

(64.1) 

463 

(67.1) 

No.  of  Spec.  (No.  of  Heats! 

5 

(1) 

5 

(1) 

5 

(1) 

5 

(1) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

403 

(58.4) 

401 

(58.1) 

499 

(72.4) 

566 

(82.1) 

Min 

401 

(58.1) 

394 

(57.2) 

496 

(72.0) 

527 

(76.4) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

297 

(43.1) 

302 

(43.8) 

356 

(51.7) 

390 

(56.5) 

Mm 

296 

(43.0) 

299 

(43.3) 

348 

(50.6) 

376 

(54.51 

Std.  Deviation 

Elong,  percent 

Avg 

9.7 

11.2 

12.0 

7.7 

Min 

9.5 

10.5 

11.5 

5.0 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

5 

(1) 

5 

(1) 

5 

(D 

5 

(1) 

E,  GN/m2  (106  psi) 

Avg 

70.3 

(10.2) 

73.1 

(10.6) 

73.1 

(10.6) 

80.7 

(11.7) 

Min 

69.0 

(56.7) 

383 

(55.6) 

394 

(57.2) 

413 

(59.9) 

No.  of  Spec.  (No.  of  Heats) 

5 

(1) 

5 

(1) 

5 

(1) 

5 

(1) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

395 

(57.3) 

392 

(56.9) 

410 

(59.4) 

422 

(61.2) 

K*  - 6.3 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  INo.  of  Heats) 

References:  48652,  58060,  61996 

4.3.2  6 (11/76) 

■ 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.3.244 E7 
5456  Aluminum  Alloy  (Weld  Metal) 


Sheet  TIG  welded,  5356  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 
5456-H343  Sheet,  welded  and  tested 


5456-H343 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


297  (75) 


195  (-108) 


TUS,  MN/m2  (ksi) 

Avg 

Std  Deviation 

Min 

T 'S,  MN/rr2  (ksi) 

Std.  Deviation 

Avg 

Mm 

Eloog,  percent 

Avg 

'fin 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  <ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

References:  48652 


77  (320)  20  (423) 


471  (68.3)  457  (66.3) 

469  (68.0)  439  (63.7) 


459  (66.6) 

44C  (£3.8) 


4.3.2-7(11/76) 


■ 


TABLE  4.3.2  ME8 

5406-H343 
Sheet-Weld  Metal 

Alloy  Designation: 

5456  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TiG  welded,  5556  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 
5456-H343  welded  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  {No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spc:.  (No.  Of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  ■ Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/rr.2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No.  of  Spec.  (No.  of  Heats) 

References:  58060, 61996 


297  (75) 


Min  330  (47.9) 


422 

399 

(61.2) 

(57.8) 

403 

364 

(58.5) 

(52.8) 

240 

(34.8) 

272 

(39.5) 

6.9 

3.5 

6 

(2)  1 

9 

(21 

4.3.2-6(11/76) 


TABLE  4.3.2-ME9 

Alloy  Designation: 

5456-0  Aluminum  Alloy 

Specification: 

Forni: 

Plate 

Thickness,  cm  (in.): 

0.635  to  1 269  (0.250  to  0.449) 

Condition: 

0 

1 estirtg  Temperature,  K (FI 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid.  Deviation 

TYS.  ViN/m2  (ksi) 
Sid  Deviation 

Elong,  percent 


297 (75) 


Avg  351  (50.9) 

Mm  346  ( 50.2) 


Avg  183  (26.5) 

Min  179  (25.9) 


20 

587 

(85.1) 

583 

(84.6) 

210 

(30.5)  1 

203 

(29.5)  | 

RA,  percent  / 

N 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  A 

N 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  = 6.3  ft, 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  A 

Kt  = ft, 

No  of  Spec.  (No  of  Heats) 


Avg  332 

(48.1) 

Miri  325 

(47.2) 

) 4 

(1) 

Avg 

Mm 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  = Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  66080 


4.3-2  9(11/76) 


305  (44.3) 

305  (44.3) 

2 (1) 


Alloy Designation: 


5456-0  Aluminum  Alloy 


TABLE  4.3.2-ME10 


5456-0 

Ptete 


Specification: 

Form:  Plate 

Thickness,  cm  (in.):  0.635  to  1 .269  (0.250  to  0.499) 

Condition:  0 


Testing  Temperature,  K (F) 

297  (75) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  oi  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

M,n 

No.  o Spec.  (No,  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Tough  ness^W 

K|C  MN/m®/2(ksi/in.)  Avg 

Min 

Orientation:  - 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m2<,2(ksivf  in.)  Avg 

(From  PTSC  spec.)!  — )Min 
No.  of  Spec.  (No.  of  Heats) 

210  (30.4) 

7 (1) 

407  (59.0) 

7 (1) 

References:  56754 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


21 9* 


4.3.2-10  (t  1/76) 


6456- H 321 

TABLE  4.3.2-ME11 

Plata 

Alloy  Designation: 

5456-H321  Aluminum  Alloy 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate 

0.635  to  1 .269  (0.250  to  0.499) 


Tatting  Temperature,  K (F) 


inel 


CYS,  MN/m2  (kti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Trentverte 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Shear*3) 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 


Avg  228  (33.0) 

Min 

I 7 (1) 


443  (64.3) 

7 (1) 


No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness* b) 

K|c  MN/m^ksi/  in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K||:,  MN/m2^2(ksi>/ in.)  Avg 

(From  PTSC  spec.)!  - )Min 
No  of  Spec.  (No.  of  Heats) 

References:  56754 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens. 

(b)  Indicate  specimen  design  for  K|c  data: 


4.3.211  (11/76) 


TABLE  4.3.2-ME12 

Alloy  Designation: 

5456-0  Aluminum  Alloy 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

1.270  to  2.540  (0.500  to 1.000) 

Condition: 

0 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297(75)  | 195 


Avg  338  (49.0)  339  (49.1) 

Min 


Avg  160  (23.2)  163  (23.6) 

Mm 


455  (66.0) 


180  (?6.1) 


RA,  percent  / 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  p*i)  t 

ft 

No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  = 16  ft, 

No.  of  Spec.  (No.  of  Heats) 


Avg  351  (50.9) 

Mm 

1 


N1 S.  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Eiong,  percent  Avg 


411  (59.6) 

1 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  72563 
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Testing  Temperature.  K (F) 


297  (75) 


195  (-108) 


Tension.  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

353 

(51-2) 

Std  Deviation 

Min 

339 

(49.2) 

TYS,  MN/m2  (ksi) 

Avg 

235 

(34.1) 

Sid.  Deviation 

Min 

225 

(22.7) 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No  of  Heals) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson'*  Ratio 
Work  Hardening  Coef 


Avg 

Mm 

Avg 

Min 


Avg 

Min 


13.5 

11 

11.3 

7 

(3) 


NTS,  MN/m2  (ksi) 

Avg  i 

411 

(59.6) 

K,  **  6.4 

Mm  1 

403 

(58.4) 

No.  of  Spec.  (No.  of  Heats) 

5 

(1) 

NTS,  MN/m2  [ksi) 

Avg  ! 

412 

(59.7) 

K.  = 16 

Mm  ! 

No.  of  Spec.  (No.  of  Heats) 

1 

Tension,  Trans  -se 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisaon's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  « Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  48787, 64373,  72563 


379  (56.0) 


236  (34.3) 


20.5 


31 


492  (71.3) 

636  (92.2) 

475  (68.9) 

622  (90.2) 

275  (39.9) 

303  (43.9) 

273  (396) 

273  (39.fi) 

25.8 

18.2 

24.5 

14 

28 

16.8 

15 

2 (2) 

5 (1) 

456  (66.2) 


461  (66.8) 

392  (56.8) 

5 (1) 


638  (92.6) 


321  (46.5) 


23.6 


25 


523  (75.8) 

1 
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TABLE  4.3.2 -ME  14 


5456-H321 


Alloy  Designation:  5456-H321  Aluminum  Alloy 


Specificatior: 

Form:  Plate 

Thickness,  cm  (in.):  1 .270  to  2.540  (0.500  tol  .000) 

Condition:  H321 


Testing  Temperature,  K (F) 


Fatigue,  Axia.  Looting 


297  (75) 


77 


Sft  at  10®  cycles,  MN/m2(k*i) 
Loading  frequency  Hi 
with  R‘  0 amli  Kt  * 

No.  of  S-N  Curves  (No.  of  He3ts) 


290  (42.0) 

1 


324 

1 


(-320) 


(47.0) 


Ratio  S(sj/TUS  at  10®  cycles 


Sn  at  10s  cycles.  MN/m2(ksi) 
Loading  frequency  Hi 
with  R ■ Oand  Kt  = 

No,  of  S-N  Curves  (No.  of  Heats) 


248  (36.0) 

1 


283  (41.0) 

1 


Ratio  SN/TUS  at  10®  cycles 

SN  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R “ and  Kj  = 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  Sn/TUS  at  107  cycles 


Fatigue,  Flexural  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R » and  K*  *= 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  Sn/TUS  at  10®  cycles 

Sn  at  I®6  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  - 

No  of  S-N  Curves  (No.  of  Heats) 


Ratio  Sn/TUS  at  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  K*  = 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  Sn/TUS  at  107  cycles 


References:  48787 


22  3< 


1 


-j 
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TABLE  4.3.2A1E15 

5456-H321 
Plata  Weld  Metal 

Alloy  Desi^iation: 

- ICG  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thidtness,  cm  (in.): 
Condition: 


Plate-MIG  welded,  5556  Alloy  filter 
1 .270  to  2.540  (0.500  to  1 .000) 
5456-H321  Plato,  welded  and  tested 


Testing  Temperature.  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  {ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec,  (No.  of  Heats! 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No  of  Heats) 

References:  48787 


297(75) 


Avg  308  (44.6) 

Mm 


Avg  155  (22.5) 

Mm 
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TABLE  4.3.2-ME16 


5456-H321 
Plate-Wold  Metal 


Alloy  Designation:  5456  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-MIG  welded.  5556  Alloy  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  5456-H321  Plate,  welded  and  tested 


Testing  Temperature,  K (F) 


Fatigue,  Axial  Loading 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = 0 and  K*  = 

No.  of  S-N  Curves  (No.  of  Heats) 


■ 

207  (30.0) 


241  (35.0) 


Ratio  Sn/TUS  at  10®  cycles 


Sfj  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R s0  and  Kt  * 

No.  of  S-N  Curves  (No.  of  Heats) 


159  (23.0) 

1 


Ratio  Sn/TUS  at  10®  cycles 

Sfg  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  = 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 


Fatigue.  Flexural  Loading 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn«  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R * and  Kt  = 

No.  of  S-N  Curves  (No  of  Heatsi 

Ratio  Sn/TUS  8t  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R * and  Kt  * 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 


References:  48787 


*X< 
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5456-K343 

TABLE  4.3.2 -ME  17 

Plate 

Alloy  Designation: 

5456-H343  Aluminum  Alloy 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

1 .270  to  2.540  (0.500  to  1.000) 

Cc  edition: 

H343 

Testing  Temperature,  K (FJ 


Tension,  Longitudinal 
TUS,  MN/rti-  (ksi> 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297 (75) 


144  (-200) 


387  (56.1)  383  (55.6)  416  (60.3)  497  (72.1)  516  (74.8) 


Mm  385  (55.9) 


491  (71.2) 


30C  (44.4)  308  (44.6)  326  (47.3)  361  (52.3)  378  (54.8) 


Mm  305  (44.2) 


360  (52.2) 


RA,  percent  / 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®psi)  / 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

K,  = 13.2  Mm 

No.  of  Spec.  (No.  of  Heats) 


Avg  367  (53.3)  360  (52.2)  373  (54.1)  422  (61.2) 

Mm  372  (54.0) 

1 1 2 (1)  1 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Retij 

Work  Hardening  Coef 

NTS,  MN/m7  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90184 
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TABLE  4.3.2-ME18 

5456  H 343 
Plate-Weld  Metal 

Alloy  Designation: 

5456  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Forets: 

Thickness,  cm  (in.) 
Condition: 


Plate-MIG  welded,  5356  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 
5456-H343  Plate,  welded  and  tested 


Testing  Temperature,  K <F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 


Avg  270  (39.1)  269  (39.0)  300  (43.5)  319  (46.3) 

Min  242  (35.1)  250  (36.2)  275  (39.9)  304  (44.1) 


Avg  177  (25.6)  184  (26.7)  194  (28.1)  210  (30.5) 

Mm  170  124.6)  184  ( 26.7)  183  (26.5)  200  (29.0! 


319  (46.3)  1319  (46.2) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  peront 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksr)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90184 
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« jr 


5466-H343 

TABLE  4.3.2-MS19  Plate  Weld  Metal 

Alloy  Designation : 5456  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-TIG  weWed.  5356  Alloy  filler 

Thickness,  cm  (in.) : 1 270  to  2.540  (O.500  to  1 .0001 

Condition:  5456-H343  Plate,  welded  and  tested 


Testing  Temperature.  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  tk«.) 

Std.  Deviation 


| 297  (75)  | 

195 

(-108)  | 

144 

EZi 

20 


Avg 

Mm 


287 

251 


(41.6) 

(36.4) 


315  (45.7) 

314  (45.5) 


299 

283 


(43.4) 

(41.1) 


352 

296 


(51.1) 

(42.9) 


345  (50.0) 

326  ( 47.3) 


TYS,  MN/m2  (ksi) 

Avg 

Men 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

181  (26.3) 

178  (25.8) 


179  (25.9) 

172  (25.0) 


192  (27.8) 

185  (26.8) 


6.5 

5.0 


8.5 

7.0 


6.3 

6.0 


4 (1)  2 


(1) 


4 (1) 


214  (31.0)  228  (33.0) 

206  (29.9)  223  (32.4) 


5.5 

3.0 


4.0 

3.5 


4 (1) 


2 (1) 


E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Powon'a  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  fkai) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90184 

0 
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BBaafil 


TABLE  4.3.2ME20 


5456  H321 
Plate 


Alloy  Designation; 

Specification: 

Form: 

Thick  nett,  cm  (in.): 
Condition: 


5456-H321  Aluminum  Alloy 


Plate 

2.541  to  5.080  (1 .001  to  2.000) 
H321 


letting  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m*  (ksi) 

Std.  Deviation 


297  (75) 


Avfl  382  (55.4) 

Min 


Avg  247  (35.8) 

Min 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  1 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  430  (62.4) 

Kt  = 2.4  Mm 

No.  of  Spec.  (No.  of  Heats)  2 (1) 


NTS,  MN/m2  (ksi) 

Kt  = 13.3 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 


Avg  412  (59.7) 

Mm 

2 (1) 


Avg  382  (55.4) 

Mm 


Std.  Deviation 

TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent  / 

f 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

l\ 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Avg  230  (33.3) 

Min 


Vi< 
A.A-  .7 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  =*  2.4 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 13.3 

No.  of  Spec.  (No.  of  Heats) 

Reference*:  90188 


Avg  430  (62.3) 

Min 

2 (1) 

Avg  405  (58.7) 

Min 

2 (1) 
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Fatigue  Life.cycles 

FIGURE  4.3.2-ME2.  FATIGUE  LIFE  CURVES  FOR  AXIAL  LOADING  ON  SPECIMENS  OF  5456-H343  ALUMINUM  ALLOY 
SHEET  0.254  cm  (0.100  in.)  THICK,  TIG  WELDED  (5556  ALLOY  FILLER)  AND  TESTED  AT  CYCLIC 
FREQUENCY  OF  1833  Hz  [61996] 


HWW— ■ 


Alloy  Designation: 


TABLE  4.32  TR1 


5456-H343  Ahiminum  Alloy 


Specification: 

Dimension : 
Condition: 


Testing  Temperature  K |F> 


Thermal  Conductivity 

Watts  m"1  K"1 
Btu  hr1  ft"1  F-1 
No.  of  Spec. 

References:  90218 

Thermal  Expansion  (Tyya  to  T) 
Longitudinal 


Percent 

No.  of  Spec. 

References:  48571 


Joules  kg"1  K"1 
Btu  lb"1  F'1 

No.  of  Spec. 

References: 


Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No  of  Spec. 

References:  90164 


5.92  x 10^  3.80x10-8 

f?5.6) 

1 1 


3.35  x 10-8 

(22.9) 

1 


3.26  x 10-8 

(19.6) 

1 


3.26x  10-8  3.26x  10-8 

; 19.6)  1 (I- 

1 I 1 
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Temperature,  F 


i 10  100 

Temperature,  K 

FIGURE  4.2.3-R  1.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  ALUMINUM 
ALLOY  5456 
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Electrical  Resistivity,  ohm  circular  mil  ft 


TABLE  4.4.1  ME0.1 


606 1 T4 
Sheet 


AJtoy  Designation:  606 1-T4  Aluminum  Alloy 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


QQA-327 

Sheet 

Up  to  0.099  (0.039) 
T4 


Testing  Temperature,  K (F) 

297  (75)  i 

BP3 

El 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

279 

(40.5) 

305 

(44.2) 

400 

Mm 

277 

(40.2) 

301 

(43.6) 

399 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

211 

(30.6) 

221 

(32.0) 

259 

Mm  | 

210 

(30.4) 

217 

(31.5) 

256 

Std  Deviation 

Elong,  percent 

Avg 

17.2 

20.3 

Min 

17.0 

20.0 

RA,  percent 

Avg 

Min  ! 

No  ol  Spec  (No.  of  Heats) 

3 

(1) 

3 

(1) 

3 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  o!  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg  | 

283 

(41.0) 

292 

(42.4) 

353 

Kt  = 6.3 

Mm  1 

276 

(40.1) 

290 

(42.1) 

345 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

3 

(1) 

3 

NTS,  MN/m2  (ksi) 

Avg 

•<«* 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Avg 

274 

(39.7) 

300 

(43.5) 

392 

Mm 

272 

(39.4) 

299 

(43.3) 

390 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

181 

(26.3) 

201 

(29.1) 

217 

Mm 

180 

(26.1) 

200 

(29.0) 

211 

Std.  Deviation 

Elong,  percent 

Avg 

17.3 

21.0 

Min 

17.0 

20.0 

RA,  percent 

Avg 

Mm 

No,  of  Spec.  (No.  of  Heats) 

2 

(1) 

2 

(1) 

2 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

271 

(39.3) 

288 

(41.8) 

352 

K,  = 6.3 

Min 

265 

(38.4) 

284 

(41.2) 

348 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

2 

(1) 

2 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Mm 

No  of  Spec.  (No  of  Heats) 

■ 

(-320) 


20 


(58.0)  598 

(57.9)  597 


(37.5)  325 

(37.2)  320 


28.7 

27.5 


(1)  3 


(51.2)  427 

(50.0)  423 
(1)  3 


(56.9)  636 
(56.5)  635 


(31.5)  294 

(30.6)  290 


29.0 

28.0 


(1)  2 


(51.1)  432 

(50.5)  427 

(1)  2 


(-423) 


(86.8) 

(86.6) 

(47.2) 

(46.4) 

31.2 

31.0 


(1) 


(62.0) 

(61.8) 


(92.3) 

(92.1) 


(42.6) 

(42.0) 


34.3 

34.0 


(1) 


(62.6) 

(62.0) 

(1) 


References:  40988 


4.4.1  -0.1  (11/76) 


Alloy  Designation : 


TABLE  4.4.1  -ME0.2 


6061  T4 
Sheet 


6061 -T4  Aluminum  Alloy 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.L19  (0.040  to  0.125) 

Condition: 

T4 

Testing  Temperature.  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 
Std  Deviation 

Etong,  percent 


297  (751 


Avg  282  (40.9) 

Mm  26  b (38.4) 


Avg  159  (23.0) 

Mm  146  (21.2) 


77 

(-320) 

419 

(60,7) 

394 

(57.1) 

209 

(30.3) 

192 

(27,8) 

RA,  percent  Avg 

Mm 

No  of  Spec  (No.  of  Heats)  6 (2) 

E,  GN/m2  <10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  297  (43.1) 

Kt  * 3 Mm  288  (41.7) 

No.  of  Spec.  (No.  of  Heats)  6 (2) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  279  (40.5) 

Mm  265  (38.4) 


Avg  155  (22.5) 

Mm  146  (21.2) 


414  (60.0) 

403  (58.5) 

6 (2) 


403  (58.4) 

396  (57.5) 


197  (28.5) 

194  (28.1) 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats)  6 (2) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  293  (42.5) 

Kt  = 3 Min  285  (41.4) 

No  of  Spec  (No.  of  Heats)  6 (2) 

NTS,  MN/m2  (ksi)  Avg 

k't  * Min 

No.  of  Spec.  (No.  of  Heats) 


Rej^re^es, 


392  (56.8) 

350  (50.7) 

6 (2) 


4.4.1 -0.2  (11/76) 


6061-T6 

Sheet 


TABLE  4.4.1 -ME3 


AUoy  D align  at  ion:  6061  T 6 Aluminum  Alloy 


AMS-4027G.  QQ  A 250/1  ID 
Sheet 

0.100  to  0.318  (0.040  to  0.1251 
T6 


Testing  Temperature,  K (F) 

m 

20 

(-423) 

Fatigue,  Flexural  Loading.  Surface  F 

inish  150  rms,  R 

ockwell  B 39 

Sfj  at  10®  cycles,  MN/m2(ksi) 

172  (25) 

255 

(37) 

275 

(40) 

Loading  frequency  Hz 

with  R =-1  and  K{  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 (1) 

1 

(1) 

1 

(1) 

Ratio  Shj/TUS  ai  10®  cycles 

0.60 

0.66 

0.58 

Sfg  at  10®  cycles,  MN/m2(ksi) 

158  (23) 

220 

(32) 

234 

(34) 

Loading  frequency  Hz 

with  R =*-1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Hsats) 

1 (1) 

1 

0) 

1 

(1) 

Ratio  S|\j/TUS  at  106  cycles 

0.55 

3.57 

0.49 

S(g  at  10?  cycles,  MN/m2(ksi) 

152  (22) 

214 

(31) 

Loading  frequency  Hz 

with  R »-1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 (1) 

1 

(1) 

Ratio  Sn/TUS  at  107  cycles 

0.52 

0.55 

Fatigue,  Flexural  Loading,  Surface  Finish  20  rms,  Rockwell  B 44 

Sfg  at  10®  cycles,  MN/m2(ksi) 

186  (27) 

255 

(37) 

290 

(42) 

Loading  frequency  Hz 

with  R = -1  and  K(  = 1 

No.  of  S-N  Curves  (No.  of  Heats) 

1 (1) 

1 

(1) 

\ 

U) 

Ratio  Sfj/TUS  at  10®  cycles 

0.63 

0.65 

0.60 

Sfj  at  10®  cycles,  MN/m2(ksi) 

165  (24) 

228 

(33) 

228 

(33) 

Loading  frequency  Hz 

with  R *-1  and  Kt  = 1 

No.  of  S-N  Curves  (No.  of  Heats) 

1 (1) 

1 

(1) 

1 

0) 

Ratio  S(g/TUS  at  106  cycles 

0.57 

0.58 

0.47 

S|g  at  107  cycles,  MN/m2(ksi) 

152  (22) 

200 

(29) 

Loading  frequency  Hz 

with  R * -1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 0) 

1 

(1) 

1 

(1) 

Ratio  Sn/TUS  at  107  cycles 

0.51 

0.51 

References:  83417 


Specification: 

^ * Form: 

Thickness,  cm  (in.): 
Condition: 


/ 

A* 


8< 


4.4. 1-3  (11/74) 


r 

TABLE  4.4.1  ME3.1 

6Q61-T4 
Sheet-Weld  Metal 

t ] 

Alloy  Designation: 

6061  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 

Sheet  MIG  welded.  4043  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 

6061-T4  Sheet,  welded  and  tested  as  welded 

! 

; 


Testing  Temperature.  K |F) 

| 297  (75) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

248 

(35.9) 

Mm 

240 

(34.8) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

138 

(20.0) 

Mm 

128 

(18.5) 

Std.  Deviation 

Elong,  percent 

Avg 

12.3 

Mm 

10 

RA,  percent 

Avg 

Mai 

No.  ot  Spec.  INo.  of  Heats) 

6 

(2) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

176 

(25.5) 

K.  * 3 

Mm 

161 

(23.4) 

No.  ot  Spec.  (No.  of  Heats) 

4 

(2) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No  of  Spec  (No,  of  Heats) 

Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Avg 

236 

(34.2) 

Mm 

225 

(32.6) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

136 

(19.7) 

Mm 

129 

(18.7) 

Std.  Deviation 

Elong,  percent 

Avg 

11.5 

Mm 

8 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

6 

(2) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  INo.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

189 

(27.4) 

K.  = 3 

Mm 

179 

(26.0) 

No  of  Spec  (No,  of  Heats) 

6 

(2) 

NTS,  MN/m2  (ksi) 

Avg 

K,  > 

Mm 

No  of  Spec.  (No.  of  Heats)  | 

References:  52862 


O Vl< 


4.4.1  3.1  (11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.4. 1-ME3.2 
6061  Aluminum  Alloy  (Weld  Metal) 


Sheet -MIG  welded.  4043  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 

6061-T4  Sheet,  welded,  aged  to  T6,  and  tested 


6061 -T4 
Sheet-Weld  Meta) 


Testing  Temperature,  K (F)  | 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

304 

(44.1) 

Mm 

274 

(39.7) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

277 

(40.2) 

Min 

254 

(36.8) 

Std.  Deviation 

Etong,  percent 

Avg 

4.5 

Mm 

3 

RA,  percent 

Avg 

Mm 

No  of  Spec:.  (No.  of 

Heats) 

8 

(2) 

E.  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  = 3 Min 

No.  of  Spec  (No  ol  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


249  (36.1) 

225  (32.7) 

5 (2) 


301  (43.6) 

283  (41.0) 


262  (38.0) 

208  (30.1) 


77 

(-320) 

397 

(57.6) 

386 

(56.0) 

326 

(47.3) 

316 

(45.9) 

284  (41.2) 

263  (38.1) 

6 (2) 


399  (57.9) 

349  (50.6) 


332  (48.2) 

348  (50.5) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 3 Mm 

No.  of  Spec  (No.  of  Heats) 

NrS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  52862 


250  (36.2) 

232  (33.6) 

5 (2) 


8 (2) 


290  (42.0) 
259  (37.5) 
5 (2) 


suo< 


4.4.1-3.2(11/76) 


r 


TABLE  4.4.1 -ME3.3 


6061-T6 
Sheet-Weld  Metal 


Alloy  Designation: 


6061  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet  MIG  welded,  4043  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 
6061  T6  Sheet,  welded  and  tested 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Dewation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Week  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt«  30.3 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

ot  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K, - 

Mm 

No.  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (kii) 

Avg 

Kt- 

Min 

No  of  Spec.  (No.  of  Heats) 

References:  90076 


222  (32.2) 


160  (23.2) 


5.3 


3 (1) 


235  (34.1) 

3 (1) 


216  (31.3) 


171  (24.8) 


5.0 


3 (1) 


297  (75) 

1 77  (-320) 

20  (423) 

327  (47.4) 


199  (28.8) 


10.5 


3 (1) 


262  (38.0) 

3 (1) 


325  (47.2) 


196  (28.4) 


8.5 


3 (1) 


452  (65.5) 


221  (32.0) 


10.8 


3 (1) 


288  (41.8) 

3 (1) 


413  (59.9) 


413  (59.9) 


6.5 


3 (1) 


SMI-* 


4.4.1-3.3(11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 


Tension,  Longitud inal 


TABLE  4.4.1-ME3.4 
6061  Aluminum  Alloy  (Weld  Metal) 


6061-T6 
Sheet  Weld  Metal 


Sheet-TIG  welded,  4043  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 
6061-T6  Sheet,  welded  and  tested 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  ( 10®  p$i) 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kf  * 

Min 

No  of  Spec.  (No.  of  Heats) 

308  (44.6)  412  (59.7) 

410  (59.4) 


310  (44.9) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heals) 

References:  42002 

• 6 specimens  tested  #t  20  K (-423  F)  each  had  longitudinal  grain  orientation  on  one  side  of  the  weld,  transverse  on  the  other. 

4.4.1-3.4(11/76) 


Testing  Temperature,  K (F) 


297 


(75) 


20 


423} 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi} 

Avg 

310 

(45.0) 

Min 

309 

(44.8) 

Std  Deviation 

TVS.  MN/m2  (ksi) 

Avg 

288 

(41.9) 

Mm 

288 

(41.8) 

Std.  Deviation 

Elong,  percent 

Avg 

11.5 

Mm 

11 

RA,  percent 

Avg 

33.6 

Mm 

32.4 

No  •(  Spec.  (No.  of  Heats} 

2 

(1) 

3.  GN/m2  (1Q0  pSi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats} 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

303 

(44.0) 

Kt  = 6.3 

Min 

292 

(42.3) 

No.  of  Spec.  (No.  of  Heats) 

4 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

K.« 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec.  (No.  of  Heats) 


References:  66080 


4.4. 1-4  (11/74} 


TABLE  4.4.1-ME6.1 


6061 -T6 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


6061  Aluminum  Alloy  (Weld  Metal) 


Plate-MIG  welded,  4043  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 
6061 -T6  Plate,  welded  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


195  (-108) 


Avg  214  (31.0)  239  (34.6) 

Mm 


Avg  144  (20.9)  163  (23.6) 

Min 


RA,  percent  / 

N 

No.  of  Spec.  (No  of  Heats) 

E.  GN/m2  (10®  psi)  / 

f\ 

No  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  234  (34.0)  266  (38.6) 

Kt  = 16  Min 

No.  of  Spec.  (No.  of  Heats)  1 1 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  / 

l\ 

No  of  Spec.  (No  of  Heats) 

E.  GN/m2  (10®  psi)  / 

N 

No  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  o*  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  *■  Min 

No  of  Spec.  (No.  of  Heats) 

References:  90072 


4.4. 1-6  1 (11/76) 


Testing  Temperature,  K (F) 

297  (75) 

195  i 

LI  08) 

TABLE  4.4.1-ME6  2 

6061-T6 
Plate-Weld  Metal 

Alloy  Designation: 

6061  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded,  4043  Alloy  filler 
1 .270  to  2.540  (0.500  to  1.000) 

6061-T6  Plate,  welded,  heat  treated  to  T6,  and  tested 


Avg  248  (35.9)  264  (38.3) 

Min 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg  299  (43.3)  330  (47.8) 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg  248  (35.9)  264  (38.3) 

Min 

Std  Deviation 

Elong,  percent  Avg  11.0  21.5 

Mm 

RA,  percent  Avg  44  38 

Mm 

No  of  Spec.  (No.  of  Heats)  1 I 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  396  (57.5)  424  (61.5) 

Kt  = 16  Min 

No.  of  Spec.  (No,  of  Heats)  1 1 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


395  (57.3) 


292  (42.3) 


(-452) 


452  (65.6) 

309  (44.8) 


447  (64.8) 


463  (67.2) 

1 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  p«)  Avg 

Min 

No  of  Spec  (No.  of  Hears) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec,  (No.  of  Heats) 

References.  90072 


4.4. 1 6.2  (11/76) 


TABLE  4.4.1  ME6.4 


6061-T6 
Plate-W«ld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.(: 
Condition: 


6061  Aluminum  Alloy  (Weld  Metal) 


Plate-MIG  welded,  5356  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 

6061 -T6  Plate,  welded,  heat  treated  to  T6,  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  'ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


Avg  279  (40.5)  320  (46.4) 

Mm 


Avg  202  (29.3)  242  (35.1) 

Min 


394  (57.1) 


234  (33.9) 


476  (69.1) 


307  (44.5) 


RA,  percer.'  Avg 

Min 

No  of  Spec  (No.  ot  Heats) 

E,  GN/m2  (10^  psi)  Avg 

Min 

No.  of  Spec.  (No.  o)  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 16  Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  ol  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviat  on 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


399  (57.8) 


458  (66.4) 


419  (60.8) 


RA,  percent  / 

N 

No  of  Spec  (No  of  Heats) 

E,  GN/m2  (106  psi)  f 

N 

No  of  Spec  (No  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  ■ Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90072 


14'2< 


4.4.1-6.4(11/76) 


Alloy  Designation:  6061 -T6  Aluminum  Alloy 


Specification: 

GQ-A-325B 

Form: 

Bar 

Diameter: 

Up  to  2.54  cm  (1.000  in/ 

Condition: 

T6 

TABLE  4.4.1-ME9 


6061  T6 
Bar 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


195  (-108) 

122  (-240) 

77  (-320) 

20  (-423) 

Avg  523  (46.8)  344  (49.9)  407  (59)  429  (61.5)  522  (75.7)  572  (83.0) 

Mm  305  (44.2  ) 332  (48.1)  412  (59.7)  520  (75.41 

Avg  288  (41.8)  294  (42.6)  33a  (49.0)  339  (49.2)  370  (53.7)  40O  (58.0) 

Mm  270  (39.2)  277  (40.2)  310  (45.0)  356  (51  7) 


RA,  percent  Avg 

Mm 

No.  ol  Spec  (No.  of  Heats) 

E,  GN/m2  <106  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  per;ent  Avg 


44.6 

43.4 
5 (2) 


RA,  percent  Avg 

Min 

No  of  Spec  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  * Mm 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  47311,  47334,  54986,  B3417. 90203 


JM8 


4.4.1  9 (11/76) 


TABLE  4.4.1 -ME10 


Alloy  Designation: 

Specification: 

Form: 

Diameter: 

Condition: 


6061 -T6  Aluminum  Alloy 


QQ-A-325B 

Bar 

Up  to  2.54  cm  {1.000  in.) 
T6 


Testing  Temperature,  K (F) 

297  (75) 

195  (-108) 

122  (-240) 

10  (441) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN  /m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  J(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  J(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  ol  Heats) 

Fracture  Toughness^) 

Kjc  MN/m2^2(ksi/in.)  Avg 

Mm 

Orientation  - 

No  of  Spec.  (No.  of  Heats) 

K|£,  MN/m2^2(ksi/in.)  Avg 

(From  PTSC  spec.)!  — )Mm 
No.  of  Spec.  (No.  of  Heats) 

17.1  (12.6) 

17.6  (13.0) 

17.5  (12.9) 

17.2  (12.7) 

17  (12.6) 

References:  47311,47334 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


SM9*1 


4.4.1-10  (11/74) 


6061 -T6 
Bar 


TABLE  4.4.1ME11 


Alloy  Dwiyiation: 

Specification: 

Form: 

Diameter: 

Condition: 


6061 -T6  Aluminum  Alloy 

QQ-A-32S  B 
Bar 

Up  to  2.54  cm  (1.000  in.) 
T6 


Testing  Temperature,  K (F)  21 

Fatigue,  Axial  Loading 

Sfl  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Ha 
with  R ” and  Kt  3 

No.  of  S-N  Curves  (No.  of  Heals) 

Ratio  Sfg/TUS  at  10®  cycles 

Sfg  at  10®  cycles,  MN/m2(ksi)  11 

Loading  frequency  28  Ha 
with  R - 0 and  K{  * 1 

No  of  S-N  Curves  (No  of  Heats)  1 

Ratio  Sn/TUS  at  10®  cycles 

$N  a*  i07  cycles,  MN/m2(ksi)  V 

Loading  frequency  28  Hz 
witt.  R = 0 and  Kt  = 1 

No  of  S-N  Curves  (No  of  Heats!  1 

Ratio  Sn/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Spg  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  10®  cycles 

Sn  at  IQ7  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R = and  Kt  = 

No.  of  S-N  Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 


References:  83417 


Specification: 

Form:  Rod 

Thickness,  cm  (in.):  Up  to  2.540  (t.000) 

Condition:  T4 


Testing  Temperature,  K ( F) 

297  (75) 

195  (-108}_ 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

278  (40.3) 

304  (44.1) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

150  (21.8) 

160  (23.2) 

Sto  Deviation 

Elong,  percent 

Avg 

Mm 

32.5 

RA,  percent 

Avg 

Min 

57 

54 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  <106  psi)  Avg 

Min 

1 

1 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

Of  Heats) 

E.  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Mm 

No  of  Spec.  INo.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90203 


4.4.111,2  (11/76) 


, 

r 

6061-T91 

TABLE  4.4.1 -ME1 1.3 

Rod 

Alloy  Designation: 

6061 -T9 1 Aluminum  Alloy 

Specification: 

Form: 

Rod 

Thickness,  cm  (in.>: 

Up  to  2.540  (1.000) 

Condition: 

T91 

Testing  Temperature,  K (F) 


TABLE  4.4.1-ME  12 


Alloy  Designation:  6061  T6  Aluminum  Alloy 


Specification:  AMS  4127 

Form:  Forgings,  rolled  rings  and  other  shapes 

Thickness,  cm  (in.): 

Condition:  T6 


Testing  Temperature,  K (F)  I 

297 

(75) 

195 

(-108) 

77 

(-320) 

20 

(423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

310 

(44.9) 

348 

(50.6) 

434 

(63.0) 

499 

(72.4) 

Mm 

285 

(41.4) 

323 

(46.9) 

415 

(60.2) 

440 

(63.8) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

275 

(39.9) 

301 

(43.7) 

326 

(47.3) 

379 

(54.9) 

Min 

255 

(37.0) 

295 

(42  8) 

305 

(44.2) 

352 

151.1) 

Std  Deviation 

Elong,  percent 

Avg 

19.8 

19.8 

24.5 

24.9 

Mm 

19.0 

17.0 

24.0 

23.0 

RA,  percent 

Avg 

51.5 

50.8 

41.5 

38.6 

Mm 

349 

38.0 

34.3 

328 

No  of  Spec.  (No.  of 

Heats) 

6 

(2) 

6 

(2) 

6 

(2) 

6 

(2) 

E.  GN/m2  (106  psi) 

Avg 

Mm 

No,  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

= 6 to  8 Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kj  “ Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi)  Avg 

Min 

St d Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


436  (63.3)  463  (67.2)  542  (78.6)  562  ( 81.5) 

431  (62,5)  451  (65.4)  536  (77.8)  529  (76.7) 

4 (1)  4 (1)  4 (1)  4 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  35611,  66080 


4.4.1-12  (11/74) 


mmm 


•wW* 


7039  TC 
Sheet 


TABLE  4.5.1  ME3 


Alloy  Designation:  7039-T6  Aluminum  Alloy 

Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  T6 


Testing  Temperature,  K (F) 

297 

(75) 

77  (-320) 

20  (-423) 

Fatigue.  Axial  Loading  (R  = -1) 
Sn  at  10®  cycles,  MN/m2(ksi) 

138 

(20) 

214  (31) 

276  (40) 

— 

Loading  frequency  Hz 

with  R =1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 

(1) 

1 (1) 

1 (D 

Ratio  Sfj/TUS  at  106  cycles 

0.31 

0.40 

0.43 

Sfj  at  10®  cycles.  MN/m2(ksi) 

48.2 

(7) 

48.2  (7) 

62.1  (9) 

Loading  frequency  Hz 

with  R =-1  and  Kt  -6  3 

No  of  S-N  Curves  (No.  of  Heats) 

1 

(1) 

1 (11 

1 (1) 

Sfg  at  10®  cycles,  MN/m2(ksi) 

37.9 

(5.5) 

73.7  (10.7) 

79.3  (11.5) 

Loading  frequency  Hz 

with  R *-1  and  Kt  =8 

No  of  S-N  Curves  (No  of  Heats) 

1 

(1) 

1 d' 

1 (D 

Fatigue,  Axial  Loading  (R  = 0.01) 
S|\|  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 

with  R = and  *= 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  S[g/TUS  at  10®  cycles 
Sfj  at  10®  cycles,  MN/m2(ksi) 

228 

(33) 

331  (48) 

441  (64) 

Loading  frequency  Hz 

with  R = 0.01  and  Kt  3 1 

No.  of  S-N  Curves  (No  of  Heats) 

1 

(1) 

1 (1) 

1 (1) 

Ratio  Sfg/TUS  at  10®  cvcles 
Sn  at  107  cycles,  MN/m2(ksi) 

0.51 

0.61 

0.67 

Loading  frequency  Hz 

with  R = and  Kt  - 

No.  of  S-N  Curves  (No  of  Meals! 

Ratio  Sfg/TUS  at  107  cycles 

References:  58024,  61996 


4.5. 1-3  (11/74) 


T 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature.  K (F) 


Tension.  Longitudinal 


Sheet-MIG  welded,  5183  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 

7039-T6  Sheet;  welded  natural  aged  15-30  days,  and  tested 


297  (75) 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TVS.  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec,  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt” 

Min 

77  (-320) 


391  (56.7) 

299  (43.4) 


434  (63.0) 

1 


No.  of  Spec.  (No.  of  Heats) 

References:  90082 


4.5.1-31  (11/76) 


—T 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.5,1 -ME3.2 
7039  Aluminum  Alloy  (Weld  Metal) 


Sheet  " Fusion"  welded,  filler  not  specified 
0.100  to  0.319  (0.040  to  0.125) 

7G39-T6  Sheet,  welded  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS.  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Mm 

S‘d  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No  ot  Spec  (No.  ol  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  c*  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

* Min 

No.  of  Spec.  (No.  of  Heats) 


297  (75) 


Tension,  Transverse 

TUS,  MN/m2  (ksi)  / 

It 

Std  Deviation 

TYS,  MN/m2  (ksi)  t 

ft 

Std  Deviation 

Elong,  percent  / 

RA,  percent  / 

ft 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  t 

l\ 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Min 

No  of  Spec.  (No.  of  Heats) 

References:  56261 


Avg  379  (54.9)  387  (56.2) 

Mm  375  (54.4)  371  (53.8) 


4.5.1-3.2(11/76) 


7039-T6 
Sheet-Weld  Metal 


tgSRmfl 

7?  (-320) 

20  (423) 

405  (58.8) 

361  (52.9) 

354  (51.4) 

303  (43.9) 

404  (58.6)  392  (56.9) 

390  (56.6)  381  (55.3) 


LT>7< 


TABLE  4.5.1 -ME4 


Alloy  Designation:  7039-T61  Aluminum  Alio 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.320  to  0.634  (0.126  to  0.249) 
Condition:  Tfil 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

E,  GN/mZ  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec,  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No,  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  => 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

= 

Min 

No  of  Spec.  (No. 

of  Heats) 

References:  90375 

£58< 

4.5.14  (11/74) 


7039T61 

TABLE  4,5.1  ME4.1  Sheet-Weld  Metal 

Alloy  Designation.  7039  Aluminum  Alloy  (Weld  Metal) 

Specification: 

v ^ Form:  Sheet  TIG  welded,  no  filler 

Thickness,  cm  (in.):  0.320  to  0.634  (0.126  to  0.249} 

Condition:  7039  T61  Sheet,  welded  and  tested 


4.5. 1-4.1  (11/76) 


I 


TABLE  4.5.1 -ME4.2 


7039-T61 
Sheet  Weld  Mata  I 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


Sbeet-TIG  welded,  no  filler 
0.320  to  0.634  (0.126  to  0.249) 

7039-T61  Sheet,  welded,  natural  aged  15  days,  and  tested 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Eiong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

*:t  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Eiong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90075 


4.5.1-4.2(11/76) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  p$i) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

K,  = 6.3 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No.  of  Spec  {No.  of  Heats) 


297  (75) 


362  (51.1) 

203  (29.4] 

14.0 


4 (1) 


399  (57.9) 

4 (1) 


433 

254 


4 


411 

4 


References:  90082 


(62.8) 

(3r,.8) 

14.0 

(D 

(59.6) 

(1) 


• 'l 


4.5.1-51  (11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.5,1  ME5  2 
7039  Aluminum  Alloy  (Weld  Metal) 


Plate  TIG  welded,  5033  Aiioy  filler 
0.635  to  1.269  (0.250  to  0.499) 

7039-T6  Plate,  welded,  natural  aged  15  days,  and  tested 


7039T6 
Plate  Weld  Metal 


Testing  Temperature,  K (F) 


297(75) 


' 77  ( 320) 


TUS.  MN/m2 

(ksi) 

Avg 

361 

(52.4) 

Mm 

348 

(50.5) 

Std 

Deviation 

TVS,  MN/m2 

(ksi) 

Avg 

220 

(31.9) 

Mm 

214 

(31.0) 

Std 

Dev  ia  t 

ion 

Elong,  percent  Avg  ^0.2 

Mm  9.3 

RA,  percent  Avg 

Mm 

No  ol  Spec.  (No.  ot  Heats)  8 (2) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heals) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  345  (50.1) 

Kt  = 6.3  Mm 

No.  of  Spec.  (No  of  Heats)  8 (2) 

NTS,  MN/m2  (ksi)  Avg 

K{  = Mm 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


380  (55.1) 

362  (52.5) 


266  (38.6) 

260  (37.7) 


8 (2) 


348  (50.4) 

8 (2) 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec  (No  of  Heats) 

References.  90082 


4.5.15.2(11/76) 


TABLE  4.5.1-ME5.3 

7039-T6 
Plate  Weld  Metal 

Alloy  Designation: 

7039  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-TIG  welded,  no  filler 
0.635  to  1 .269  (0.250  to  0.499) 

7039-T6  Plate,  welded,  natural  aged  15  days,  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No 

of  Heat'1 

E,  GN/m2  (10®  psi) 

rtvy 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  =*  6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi)  / 

K 

Std.  Deviation 

TYS,  MN/m2  (ksi)  t 

K 

Std  Deviation 

Elong,  percent  / 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec  (No.  of  Heats) 

References:  90082 


4.5.1-5.3(11/76) 


Specification: 

Form;  Plate-MIG  welded,  5039  Alloy  filler 

Thickness,  cm  < in.) : 0.635  to  1.269  (0.250  to  0.499) 

Condition.  7039-T64  Plate,  welded  and  tested 


Testing  Temperature,  K < F) 


297(75) 


Tension,  Longitudinal 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  = 

Mm 

No.  of  Spec.  (No. 

o!  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec,  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  " 

Mm 

No  of  Spec.  (No 

of  Heats) 

References:  67769 

359  (52) 


224  (32.5) 


8.0 


4 .5. 1-5.4  (11/78) 


TABLE  4.5.1 -ME6 


Alloy  Designation:  7039-T6,  T61  Aluminum  Alloy 


Specification:  AMS-4024A,  MIL-A  8877 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T6,  T61 


Testing  Temperature,  K (F)  i 

297  (7b)  195  (-108) 

144  4-200) 

77  (-320) 

20  (423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

437 

(63.4)  486 

(70.5) 

507 

(73.5) 

589 

(85.4) 

675 

(97.9) 

Min 

407 

(59.1)  445 

(64.6) 

467 

(67.7) 

525 

(76.2) 

623 

(90.4) 

Std  Deviation 

29.3 

(4.25) 

18.6 

(2.70) 

34.7 

(5.04) 

TVS,  MN/m2  (ksi) 

Avg 

396 

(57.4)  429 

(62.2) 

446 

(64.7) 

477 

(69.2) 

516 

(74.9) 

Min 

352 

(510)  381 

(55.3) 

399 

(57.9) 

| 432 

162.7) 

466 

(67.6) 

Std  Deviation 

31.7 

(4.60) 

33.8 

(4  91) 

Elony,  percent  f 

(\ 

RA,  percent  / 

No.  of  Spec.  (No.  of  Heats) 

E.  C.\l/m2  <10®psi)  / 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


15  (5) 


15  (5)  9 (3) 


NTS,  MN/m2  (ksi) 

Avg 

634 

(91.9) 

645 

(93.5) 

K,  = 6.3 

Mm 

No.  of  Spec.  (No.  of  Heats) 

12) 

(2) 

NTS,  MN/m2  (ksi) 

Avg 

530 

(76.8) 

553 

(80.2) 

563 

(81.7) 

561 

(81.4) 

553 

(80.2) 

Kt  = 10 

Min 

486 

(70.5) 

512 

(74.2) 

532 

(77.2) 

550 

(79.7) 

534 

(77.5) 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

3 

(1) 

3 

(1) 

3 

(1) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

445 

(64.6) 

484 

(70.2) 

510 

(73.9) 

578 

(83.9) 

658 

(95.5) 

Mm 

405 

(58.7) 

442 

(64.1) 

467 

(67.7) 

528 

(76.6) 

611 

(88.6) 

Std  Deviation 

28.7 

(4.17) 

21.1 

(3.06) 

19.7 

(2.86) 

TYS,  MN/m2  (ksi) 

Avg 

384 

(55.7) 

416 

(60.3) 

432 

(62.6) 

464 

(67.3) 

491 

(71.2) 

Mm 

346 

(50.2) 

377 

(54.7) 

394 

(57.1) 

423 

(61.4) 

441 

(63.9) 

Std.  Deviation 

31.4 

(4.55) 

37.4 

(5.43) 

42.7 

(6.20) 

Elong,  percent 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - 6.3  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = 10  Mm  | 

No.  of  Spec.  (No.  of  Heats) 

References:  90062,  90084,  90107 


15  (5) 


15  (5) 


4.5.1  6 (11/74) 


9 (3) 


Avg  621 

(90.0) 

607 

(88.0) 

Mm  787 

(85  2) 

594 

(86.1) 

) 6 

(2' 

6 

(2) 

Avg  510 

(74.0)  525 

(76.2  ) 534 

(77.4) 

520 

(75  4) 

498 

(72.3) 

Mm  468 

(679)  491 

(71.2)  512 

(74  2) 

516 

(74.8) 

488 

(70.8) 

l'  3 

(1)  3 

(1)  3 

(1) 

3 

(1) 

3 

(1) 

Alloy  Designation : 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  4.5.1  ME6.1 
7039  Aluminum  Alloy  (Weld  Metal) 


Plate-MIG  welded.  5C39  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 

7039-T6  Plate,  welded,  natural  aged  15  days,  and  tested 


7039  T6 
Plate-Weld  Metal 


Testing  Temperature,  K (F) 


Tension,  Longi  jdinal 


297 (751 


TUS,  MN/m2  Ust) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  ot  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec  (No 

ol  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kj  = 6.3 

Min 

No  of  Spec  (No 

of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

446  (64.7) 


279  (40.4) 


439  (63.6) 

4 (1) 


No  of  Spec  (No.  of  Heats! 

References:  90082 


4.5. 1-6.1  (11/76) 


TABLE  4.5.1-ME6.3 

7039-T6 
Plate-Weld  Metal 

Alloy  Designation: 

7039  Aluminum  Alloy 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition. 


Plate-TIG  welded,  5039  Alloy  filler 

1.270  to  2.540  (0.500  to  1.0001 

7039-T6  Plate,  welded,  natural  aged  15  days,  and  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

347 

(50.3) 

Mm 

343 

(49.8) 

Std 

Deviation 

TVS.  MN/m2  (ksi) 

Avg 

217 

(31.5) 

Min 

215 

(31.2) 

Std 

Deviation 

Elong,  percent  Avg  11-1 

Mm  10.1 

RA,  percent  Avg 

Mm 

No  ol  Spec.  (No.  of  Heats)  8 (2) 

E,  GN/m2  { 10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heals) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  336  (48.7) 

Kt  = 6.3  Mm  334  (48.5) 

No.  ol  Spec.  (No.  ol  Heats)  8 (2) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Miri 

No.  of  Spec.  INo.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec  (No  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Mm 

No  of  Spec.  (No.  of  Heals) 

References:  90082 


4.5.16.3(11/76) 


TABLE  4.5.1 -ME6.4 


7039-T6 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.) 
Condition: 


7039  Aluminum  Alloy  (Weld  Metal) 


Plate-TIG  welded,  5.183  Alloy  filler 
1 .270  to  2.540  (0.500  to  1 .000) 

7039-T6  Plate,  welded,  natural  egad  15  days,  and  tested 


Testing  Temperature,  K <F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


Avg  342  (49.6) 

Min 


Avg  200  (29.0) 

Mm 


1 77  (-320) 


441  (64.0) 


250  (36.2) 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats)  4 (1) 

E,  GN/m2(106pS.,  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  319  (46.2) 

Kt  = 6.3  Mm 

No.  of  Spec.  (No.  of  Hears)  4 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TVS,  VN/m2  (ksi)  Avg 


328  (47.6) 


Std  Deviation 


Elong,  percent 


RA,  percent  / 

It 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 


No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Mm 

No  of  Spec  (No  of  Heats) 

References:  90082 


4.5. 1-6.4  (11/76) 


Alfoy  Designation: 

TABLE  4.5.1-ME6.5 
7039  Aluminum  Alloy  (Weld  Metal) 

7039-T6 
Plate-Weld  Metal 

Specification: 

Form: 

Plate-TIG  welded,  no  filler 

Thickness,  cm  (in.): 

1.270  so  2.540  (0.500  to  1.000) 

Condition: 

7039-T6  Plate,  welded,  natural  aged  15  days,  and  tested 

Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  370  (53.7) 

Mm 


Avg  237  (34.4) 

Mm 


77  (-320) 


443  (64.2) 


290  (42.1) 


RA,  percent  Avg 

Mm 

No  ol  Spec.  (No  of  Heats)  4 (1) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg  359  (52.0) 

Kt  = 6.3  Mm 

No.  of  Spec.  (No.  of  Heats)  4 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spe<  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Efong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (106  psi)  Avg 

Mm 

No.  of  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (N't  of  Heats) 

References:  90082 


4 (1) 


365  (52.9) 

4 (1) 


4.5. 1-6.5  (11/76) 


TABLE  4.5.1  ME6.6 


7039  T61 
Plate-Weld  Metal 


Alloy  Designation: 


7039  Aluminum  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plan  IIG  welded,  5039  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 

7039-T61  Plate,  welded,  natural  aged  27  days,  and  tested 


Testing  Temperature,  K (F) 


297  (75) 

77  (-320) 

20  (-423) 

] 

Tension,  Longitudinal 
TUS,  MN/m2  <ksi) 


Avg 

Min 


Std  Deviation 

TVS.  MN/m2  (ksi) 
Std  Deviation 

Eiong,  percent 


Avg 

Mm 


Avg 

Min 


RA  percent 

No  of  Spec.  (No.  of  Heats) 

E.  CN/m2  (10*  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg 

Mm 


Avg 

Mm 


NTS,  MN/m2  (ksi)  Avg 

Kt  = 15  Min 

No.  of  Spec.  (No  of  Heats) 


NTS,  MN/m2  (ksi) 


Avg 

Mm 


No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Eiong,  percent 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No,  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg 

Min 


Avg 

Mm 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 


References:  90082 


357  (51.8) 


214  (31.1) 


9.3 


22.7 

(1) 


359  (52.1) 

3 (1) 


402  (58.3) 


249  (36.1) 


9.3 


12.3 
3 (1) 


374  (54.2) 

3 (1) 


376  (54.5) 


<2.2 


3.5 

3 (1) 


327  (47.9) 

3 (1) 


J 


4.5.)  6.6  (11/76) 


TABLE  4.5.1  -ME6.7 


7039  T6151 
Plate 


Alloy  Designation:  7039  T6151  Aluminum  Alloy 

Specification: 

Form:  Plate 

Thickness,  cm  (in  ):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T6151 


Testing  Temperature.  K (F) 

297  (75) 

144 

(-200) 

116 

(250) 

77 

(-320) 

4 (-452) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

405 

(58.8) 

471 

(68.3) 

498 

(72.2) 

550 

(79.8) 

649 

(94.2) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

334 

(48.5) 

364 

(52.8) 

380 

(55  1) 

401 

(58.2) 

476 

(69.0) 

Std  Deviation 

Elong,  percent 

Avg 

14.9 

15.1 

15.7 

16.3 

15.5 

Min 

RA,  percent 

Avg 

38.1 

33.0 

31.4 

28.1 

22 

Mm 

No  of  Spec  , No.  ot 

Heats) 

7 

(2) 

6 

(1) 

6 

(1) 

7 

(2) 

1 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  ot  Spec.  (No.  ol 

Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

525 

(76.1) 

562 

(81.5) 

576 

(83.5) 

587 

(85.2) 

614 

(89.1) 

K,  = 15  16 

Min 

No.  ot  Spec  (No.  of  Heals! 

7 

(2) 

6 

(1) 

6 

0) 

7 

(2) 

1 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No  ot  Spec.  (No  ol 

Heats) 

Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Avg 

399 

(57.8) 

463 

(67.1) 

490 

(71,1) 

532 

(77.2) 

626 

(90.8) 

Mm 

StJ  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

325 

(47.2) 

360 

(52.2) 

371 

(53.8) 

396 

(57.5) 

455 

(660) 

Mm 

St  J Deviation 

Elong,  percent 

Avg 

14,1 

14.3 

14.8 

15.7 

12.5 

Mm 

RA,  percent 

Avg 

34.6 

29.9 

28.3 

26.5 

15 

Mm 

No  of  Spec  (No.  of  Heats) 

7 

(2) 

6 

(1) 

6 

(1) 

7 

(2) 

1 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

518 

(75.1) 

554 

(80  4) 

562 

(81.5) 

564 

(81.8) 

586 

(85.0) 

K.  * 15  16 

Mm 

No  of  Spec  fNo  of  Heats) 

7 

(2) 

6 

(1) 

6 

0) 

7 

12) 

1 

NTS,  MN/m2  (ksi) 

Avg 

Kt  * 

Min 

No  Of  Spe--  'No  Of 

Heats) 

References.  90070,  90187 


45  1 6 7 (11/76) 


TABLE  4.5.1-ME6  8 

7039-T6151 
Plate-Weld  Metal 

Alloy  Designation: 

7039  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Plate-MIG  welded,  5039  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 
7039-T6151  Plate,  welded  and  tested 


Testing  Temperature,  K (F) 
Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Sfd  Deviation 

Elong,  percent 


297(75)  144  (-2 


Avg  j 357  (51.8)  1 385  (55.8)  I 414  (60.1)  [422  (61.2) 


Avg  236  (34.3)  259  (37.6)  272  (39.4)  279  (40.5) 


RA,  percent  7 

k 

No,  of  Spec  (No  of  Heats) 

E,  GN/m2  <10®  psi)  7 

k 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg  4' 

Kt  = 15  Mm 

No  of  Spec.  'No.  of  Heats)  6 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 


TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS.  MN/m2  (ksi) 

Stci  Deviation 

Elong,  percent 


Avg  406  (58.9)  431  (62.5)  422  (61.2)  412  (59.7) 


RA,  percent 

No.  of  Spec  (No,  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  - 

No  of  Spec.  (No  of  Heats! 

References:  90187 


4.5.1  6.8  (11/76) 


i 


TABLE  4.5. 1-ME6.9 


7039  T6351 
Plate 


Alloy  Designation:  7Q39-T6151  Aluminum  Alloy 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1-270  to  2.540  (0.500  to  1.000) 

Condition:  T6351 


Testing  Temperature,  K (F) 

297 (75) 

195 

(-108) 

77 

(320) 

4 

(-452) 

Tension,  Longitudinal 

TUS,  MN/m2  (fc$i)  Avg 

Mm 

Sid  Deviation 

463 

(67 .2) 

520 

(75.4) 

610 

(88.4) 

711 

(103.1) 

TYS.  MN/m2  (ksi) 

Stcl  Deviation 

Avg 

Mm 

390 

(56.5) 

428 

(62.1) 

467 

(67.8) 

527 

(76.4) 

Elong,  percent 

Avg 

Mm 

14.5 

14.5 

17.0 

17.5 

RA,  percent 

No  o>  Spec  (No 

Avg 

Mm 

of  Heat s) 

1 

32 

1 

23 

1 

20 

1 

19 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Worts  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = 16  Min 

No.  of  Spec.  (No.  of  Heats! 

611 

1 

(88.6) 

634 

1 

(91.9) 

589 

1 

(85.9) 

617 

1 

(89.5) 

NTS,  MN/m2  (ksi) 
Kt  = 

No  of  Spec  (No 

Avg 

Mm 

of  Heats) 

Tension.  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

459 

(66.5) 

502 

(72.8) 

601 

(87.1) 

699 

(101.4) 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

390 

(56.6) 

423 

(61.4) 

476 

(69.0) 

536 

(77.7) 

Elong,  percent 

Avg 

Min 

13.0 

12.5 

13.5 

13.0 

RA,  percent 

No  of  Spec  (No. 

Avg 

Min 

of  Heats) 

1 

33 

1 

23 

1 

19 

1 

15 

E.  GN/m2  (106  psi) 

No  of  Spec.  (No 

Poisson's  Ratio 

Avg 

Mm 

of  Heats) 

Work  Ha-dening  Coef 

NTS,  MN/m2  (ksi) 
K,  = 16 

No  of  Spec  (No 

Avg 

Mm 

of  Heats) 

607 

1 

(88.0) 

584 

1 

(84.7) 

518 

1 

(75.1) 

556 

1 

(80.6) 

NTS.  MN/m2  (ksr) 

Kt- 

No  of  Spec  (No 

Avg 

Min 

of  Heats) 

References:  90070 


4.5.1  6.9  (11/761 


TABLE  4.5.1ME6.10 


7039  T64 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


7039  Aluminum  Alloy  (Weld  Metal) 


Plate-MIG  welded,  5039  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000) 
7039 -T64  Plate,  welded  and  tasted 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std  Devianon 

Elong,  percent 


Avg  359  (52) 

Mm 


Avg  224  (32.5) 

Mm 


1 77  (320) 


448  (65) 


279  (40. 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 


Elong,  percent 


RA,  percent  / 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 


No  of  Spec.  (No  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K*  = Min 

No  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  o'  Spec  (No  of  Meats) 

Refer  on  cm:  67769 


4.5  1 6.10(11/76) 


TABLE  4.5.1-ME8.1 


7039T64 

Plate 


Alloy  Designation: 


7039-T64  Aluminum  Alloy 


Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

T64 

Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA.  percent 

Avg 

M>n 

No  of  Spec.  (No 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  ol  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MIM/m2  (ksi) 

Avg 

K,  = 6.3 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  * 

Mm 

No  of  Spec  |No.  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

x,  = 

Mm 

No  of  Spec.  (No.  of  Heats) 

References:  67769 


4.5.1  8.1  (11/76) 


TABLE  4.5.2-ME2.1 


7005  T 6351 
Plate 


Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  T6351 


Testing  Temperature,  K (F) 

T ension.  Longitudinal 
TUS,  MN/m2  (ksi) 

St 1 1 Deviation 

TYS,  MN/m2  (ksi) 

Sid  Deviation 

Elong,  percent 


195  (-108) 

77  (320) 

451  (65.4) 

538  (78.0) 

Avg  341  (49.4)  363  (52.7) 

Mm 


409  (59.3) 


4 (-452) 

606  (87.9) 

441  (63.9) 


RA,  percent  f 

It 

No  of  Spec.  (No  ot  Heats) 

E,  GN/m2  (10®  psi)  f 

S 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  f 

Kt  = 16  It 

No.  ot  Spec.  (No.  of  Heats) 


Avg  561  (81.3)  610  (88.4) 

Min 

1 1 


NTS,  MN/m2  (ksi)  Avg 

Kt  ® Mm 

No  of  Spec.  (No.  of  Heats) 


Tens  ion,  T ransverse 
TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  378  (54.8)  442  (64.1) 

Mm 


Avg  329  (47.7)  368  (53.4) 

Mm 


678  (98.3) 

1 


517  (75.0) 


402  (58.3) 


689  (99.9) 

1 


583  (84.6) 


421  (61.1) 


RA,  percent  / 

N 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  t 

It 

No  ol  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  / 

Kf  - 16  It 

No  of  Spec.  (No.  of  Heats) 


Avg  561  (81.4)  610  (88.4) 

Min  I 

1 1 


NTS,  MN/m2  (ksi)  Avg 

Kt  ” Mm 

No  ol  Spec  I No  of  Heats) 

References:  90070 


4.5.22  1 (11/76) 


663  (96.2) 

1 


685  (99.4) 


L7-> 


TA8LE  4.5.2-ME2.2 


7005T6351 

Plate 


Alloy  Designation:  7005-T6351  Aluminum  Alloy 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  T6351 


Testing  Temperature,  K (F) 

297  (75) 

195  (108) 

77 

(-320) 

4 

(-452) 

Tension,  Longi*  'inal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

St  J Devi j! 'on 

363  (52.6) 

423  (61.4) 

486 

(70.5) 

590 

(85.6) 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

317  (46.0) 

351  (50.9) 

370 

(53.7) 

420 

(60.9) 

Elong,  percent 

Avg  ; 

Mm  1 

19.8 

18.0 

19.0 

19.5 

RA,  percent  Avg 

Mm 

No  of  Spei.  (No.  of  Heats) 

52 

1 

44 

1 

1 

34 

1 

25 

E.  GN/m2  (106  psi) 

No.  of  Spec.  (No 

Poisson's  Ratio 

Avg 

Mm 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 
K,  = 16 

No.  of  Spec.  (No 

Avg 

Mm  1 

of  Heats) 

546  (79.2) 

1 

596  (86.4) 

1 

643 

1 

(93.2) 

652 

1 

(94.6) 

NTS.  MN/m2  (ksi) 
Kt  = 

No.  of  Spec.  (No 

Avg 

Mm 

of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

367  (53.3) 

427  (61.9) 

502 

(72.8) 

595 

(86.3) 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

320  (46.4)  : 

353  (51.2)  j 

394 

(57.1) 

432 

(62.7) 

Elong,  percent 

Avg 

Mm 

18.0 

14.8 

16.5 

16.5 

RA,  percent 

No  of  Spec  (No. 

Avg 

Mm  ! 

of  Heats) 

44 

1 

33 

1 

1 

25 

1 

20 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No 

Poisson's  Ratio 

Avg 

Mm 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 
Kt  * 16 

No  of  Spec  (No 

Avg 

Mm 

of  Heats) 

547  (79.4) 

1 

596  (86.4) 

1 

620 

1 

(89.9) 

632 

1 

(91.6) 

NTS,  MN/m2  (ksi) 
*t- 

No  of  Spec  (No 

Avg 

Mm 

of  Heats) 

Reference*;  90070 


4.5.2  2.2  (11/76) 


MATERIALS 

MATERIAL  CODE 

COPPER,  99.96+ 

5.1.1 

ELECTROLYTIC  TOUGH  PITCH  Cu 

5.1.2 

OFHC  COPPER 

5.1.3 

COPPER,  PHOSPHORIZED 

5.1.4 

80Cu-20Zn 

5.2.1 

70Cu-30Zn 

5.2.2 

65Cu-35Zn 

5.2.3 

90Cu-10Zn 

5.2.4 

COPPER  NICKEL  ALLOYS 

5.3.0 

90Cu-10Ni 

5.3.1 

8CCu-20Ni 

5.3.2 

70Cu-30Ni 

5.3.3 

Cu-Be 

5.4.2 

95Cu-5Sn 

5.5.1 

92Cu-8Sn 

5.5.2 

90Cu-10Sn 

5.5.3 

COPPER-ZIRCONIUM  ALLOYS 

5.6.1 

COPPER-CHROMIUM-CADMIUM  ALLOYS 

5.7.1 

COPPER-ALUMINUM  ALLOYS 

5.9.1 

5.0 


TABLE  5.1.1-TR1 


Alloy  Designation:  Copper 

Specification: 

Form: 

Dimension: 

Condition:  Annealed 


Testing  Temperature,  K (F) 

273  (32) 

100  (-280) 

50  (370) 

20  (-423) 

10  (442) 

4 (-452) 

Thermal  Conductivity! 11 

RRR-3000  Watts  m'1  K 1 

401 

483 

1330 

10700 

27200 

18300 

Btu  hf1  ft1  F 1 

(232) 

(279) 

(769) 

(6190) 

(15700) 

(10600) 

RRR-1000  Watts  m'1  K 1 

401 

482 

1250 

8370 

12500 

6230 

Btu  hr1  ft 1 F 1 

(232) 

(279) 

(723) 

(4840) 

(7230) 

(3600) 

RRR-300  Watts  m 1 K"1 

400 

479 

1130 

5010 

4350 

1880 

Btu  hr  1 ft1  F 1 

(231) 

(277) 

(653) 

(2900) 

|2520) 

(1090) 

RRR-100  Watts  m'1  K 1 

397 

469 

979 

2380 

1520 

623 

Btu  hr'1  ft1  F 1 

(230) 

(271) 

(566) 

(1380) 

(879) 

(360) 

RRR-30  Watts  m’1  K 1 

389 

438 

740 

834 

453 

183 

Btu  hr1  ft  1 F 1 

(225) 

(253) 

(428) 

(482) 

(262) 

(106) 

No.  of  Spec. 

References:  90170,  90224 

Thermal  Expansion  (Tj7^  to  T) 

Longitudinal 

Percent 

0 

0.252 

0.290 

•0.293 

-0.293 

-0.293 

No.  of  Spec. 

5 

5 

5 

5 

3 

3 

References:  40911,48571. 

90208,  90336.  90458 

Specific  Heat 

Joules  kg"1  K"1 

375 

248 

95 

7 

0.92 

0.11 

Btu  lb1  F 1 

(0.0896) 

(0.0593) 

(0.0227) 

(0.00167) 

(0.000220) 

(0.0000263) 

No.  of  Spec. 

5 

5 

4 

8 

6 

7 

References:  40911,42219, 

90223,  90247,  90249,  90339 

Electrical  Resistivity!11 

RRR-30000  Ohm  m 

1.55  x 10-8 

3.50  x 10  9 

5.01  x 10  10 

8.52  x 10  12 

7.32  x 10  13 

5.19  x 1013 

Ohm  circular  mil  ft"1 

(9.32) 

(2.11) 

(3.01  x 101 

(5.12  x 10  3) 

(4.40  x 10  4) 

(3.12  x 10  4) 

RRR-10000  Ohm  m 

1.55  x 10-8 

3.50  x 10‘9 

5.02  x 1010 

9.55  x 10  12 

1.77  x 10-12 

1.55  x 10  12 

Ohm  circular  mil  ft"1 

(9.32) 

(2.11) 

(3.02  x 10'1) 

(5.74  x 10  3) 

(1.06  x 10  3) 

(9.32  x 10  4) 

RRR-3000  Ohm  m 

1.55  x 10'8 

3.51  x 109 

5.05  x 10- 10 

1.32  x 10  11 

5.38  x 10-12 

5.17  x 10  12 

Ohm  circular  mil  ft1 

(9.32) 

(2.11) 

(3.04  x 101) 

(7.94  x 10-3) 

(3.24  x 10-3) 

(3.11  x lO'3) 

RRR-1000  Ohm  m 

1.55  x 10-8 

3.52  x 10  9 

5.16  x 10  19 

2.35  x 10  11 

1.57  x 1G'11 

1.55  x 10  11 

Ohm  circular  mil  ft1 

(9.32) 

(2.12) 

(3.10  x TO*1) 

(1.41  x 10-2) 

(9.44  x 10-3) 

(9.32  x lO  3) 

RRR-300  Ohm  m 

1.56  x 10*8 

3.55  x 10  9 

5.52  x 10  10 

5.98  x 10  11 

5.12  * 10  11 

6.18  x 10'11 

Ohm  circular  mil  ft-1 

(9.38) 

(2.14) 

(3.32  x 10'1) 

(3.60  x 10-2) 

(3.13  x 10  2) 

(3.12  x 10  2) 

RRR-100  Ohm  m 

1.57  x IQ'8 

3.66  x 10-9 

6.57  x 10  10 

1.65  x 10  10 

1.57  x 10  10 

1.57  x 10  10 

Ohm  circular  mil  ft"1 

(9.44) 

(2.20) 

(3.95  x 10'1) 

(9.92  x 10  2) 

(9.44  x 10-2) 

(9.44  x lO  2) 

RRR-30  Ohm  m 

1.60  x 10-8 

4.03  x 10  9 

1.03  x 10  9 

5.42  x 10  10 

5.35  x 10  10 

5.34  x lO’19 

Ohm  circular  mil  ft"1 

(9.62) 

(2.42) 

(6.20  x 10-1) 

(3.26  x 10  ’) 

(3.22  x 101) 

(3.21  >.  10'1) 

No.  of  Spec. 

References:  90111,90125, 

90178,96886 

Magnetotberma)  Conductivity  « 

RRR  1520  tesla 

Watts  m"1  K'1  0 

11700 

!7300 

Btu  hr1  ft  1 F 1 

(6765) 

(10002) 

Watts  m'1  K'1  1 

5500 

6500 

Btu  hr  1 ft1  F'1 

(3180) 

(3758) 

Watts  m^K'1  2 

4800 

Btu  hr1  ft1  F 1 

(2775) 

Watts  m"1  K 1 4 

3700 

4500 

Btu  hr'1  ft'1  F 1 

(2139) 

(2602) 

Watts  m'1  K 1 8 

3100 

3800 

Btu  hr  1 ft  1 F 1 

(1792) 

(2197) 

No  of  Spec. 

1 

1 

References:  94208 

5.1.1  1 (11/76) 


Specification: 

Form: 

Dimension: 

Condition:  Annealed 


Testing  Temperature,  K (F) 

20  (-423) 

10  (-442) 

4 (45?) 

Magnetoresistance^2) 

H = 1 Tesla 

RRR-30000  Ohm  m 

5.49  x 10  11 

3.38  x 10  11 

3.12  x 10-H 

Ohm  circular  mil  ft'1 

(3.30  x 10  2) 

(2.03  x 10-2) 

(1.88  x 10-2) 

RRR-10000  Ohm  m 

5.62  x 10  11 

4.07  x 10  H 

3.96  x 10-H 

Ohm  circular  mil  ft  1 

(3.38  x 10-2) 

(2.45  x 10-2) 

(2.38  x lO'2) 

RRR  3000 

Ohm  m 

6.06  x 10-11 

5.01  x 10  11 

4.97  x 10'11 

Ohm  circular  mil  ft'1 

(3.65  x 10-2) 

(3.01  x lO-2) 

(2.99  x lO"2) 

RRR-1000 

Ohm  rr> 

7.15  x 10  11 

6.34  x 10  11 

6.32  x 10-11 

Ohm  circular  mil  ft"1 

(4.30  x TO'2) 

(3.81  x 10  2) 

(3.80x  lO'2) 

RRR-300 

Ohm  m 

1.07  x 10-10 

9.96  x 10-11 

9.94  x 10"1 1 

Ohm  circular  mil  ft"1 

(6.44  x 10  2) 

(5.99  x lO  2) 

(5.98  x 10  2) 

RRR  100 

Ohm  m 

2.09  x 10  10 

2.01  x 10  1° 

2.01  x 10'10 

Ohm  circular  mil  ft"1 

(1.26  x 10'1) 

(1.21  x 10'1) 

(1.21  x 10  1) 

RRR  30 

Ohm  m 

5,80  x 10  10 

5.72  x 10-10 

5.72x10-  0 

Ohm  circular  mil  ft  1 

(3.49  x 10'1) 

(3.44  x 10-1) 

(3.44  x 10’1) 

H * 10  Tesla 

RRR-30000  Ohm  m 

3 50  x 10  10 

1.75  x 10  1° 

1.54  x 10-1° 

Ohm  circular  mil  ft"1 

(2,11  x 10  1) 

(1.05  x 10  1) 

<9.26  x 10  2) 

RRR-10000 

Ohm  m 

3.59  x 10  10 

2.33  x 10  1° 

2.24  x 10  1° 

Ohm  circular  mil  ft'1 

(2.16  x 101) 

(1.40  x 101) 

(1.35  x 10  1) 

RRR  3000 

Ohm  m 

3.83  x 10  10 

3.15  x 10  1° 

3.12  x 10-1° 

Ohm  circular  mil  ft 1 

(2.30  x 10'1> 

(1.89  x 10'1) 

(1.88  x 10'1) 

RRR  1000 

Ohm  m 

4.30  x 10'10 

3.97  x 10-1° 

3 .96  x 10-1° 

Ohm  circular  mil  ft'1 

(2.59  x 10  1) 

(2.39  x 10-1) 

(2.38  x TO  1) 

RRR  300 

Ohm  m 

5.14  x 10  10 

5.01  x lO10 

5.00  x lO’10 

Ohm  circular  mil  ft'1 

(3.09  x 10'1) 

(3.01  ~ lO  ’) 

(3.01  x 10-1) 

RRR-100 

Ohm  m 

6.48  x 10'10 

6.40  x 10-1° 

6.40  x 10-1° 

Ohm  circular  mil  ft'1 

(3.90  x 10  1) 

(3.85  x 10  1) 

(3.85  x 10-1) 

RRR-30 

Ohm  m 

1.03  x 10-9 

1.02  x lO'9 

1.02  x lO  9 

Ohm  circular  mil  ft'1 

(6.20  x 10  1) 

(6.14  x 101) 

(6.14  x 10-1} 

No  of  Spec. 

8 

8 

8 

References: 

96887 

t 

( 1 ) Interpolated  from  numerous  data  using  theoretical  correlations. 

121  The  electrical  magnetoresistance  of  pure  copper  and  of  OFHC  copper  can  be  represented  on  a universal  curve,  called 
which  is  shown  in  Figure  5.1.1-MR1.  The  curve  can  be  represented  by  the  equation: 


loqe  P(H.T)  - p(Q,T)\  , aQ  + ai,ogc  L ■ P<0.273  K)1  + 
p(O.T)  p(0,T> 


2 


a 


Kohler  plot. 


Where  p(H,T)  = electrical  resistivity  at  magnetic  field  H,  and  at  temperature  T-  If  the  field  H is  given  in  tesla,  then  the  constants 
have  the  values: 


a0  - 7.008;  a1  = 1 .383;  a2  = 0.0298. 

The  plot  is  valid  over  the  temperature  range  4-35  K,  and  over  the  magnetic  field  range  0-10  tesla. 


r 


5.1.1  1.1  (11/76) 
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FIGURE  5. 1.1-MR2.  TRANSVERSE  MAGNETORESISTANCE  OF  COPPER  AT  1 TESLA 


5.1. 1-7.2  (11/76) 


t 


Electrical  Resistivity,  ohm  m xiO 


5.1. 1-7.3  (11/76) 


TABLE  5.1.1-MA1 


Alloy  Designation:  99.999  Cu  (<  1 ppm  Fe  or  Ni)* 
Specification: 

Form:  Wire 

Diameter,  cm  (in.):  0.03  (0.0118) 

Condition:  Cold  drawn,  etched,  and  annealed. 


Temperature, 
K (F) 

Mass  Susceptibility, 
X (cgsem) 

Volume  Suscepti- 
bility, k (mksa) 

Permeability, 
ix  (mksa) 

1.450  (-457) 

-0.673  x 10-7 

-75.71  x 10-7 

~ 12.57  x 10-7 

2.155  (-456) 

-0.706  x 10  7 

-79.43  x 10-7 

~ 12.57  x 10  7 

3.003  (-454) 

-0.735  x 10-7 

-82.69  x 10-7 

~ 12.57  x 10-7 

4.187  (-452) 

-0.771  x 10-7 

-86.74  x 10-7 

- 12.57  x 10-7 

10  ±1  (-442) 

-0.795  x 10-7 

-89.44  x 10*7 

~ 12.57  x 10-7 

13.8  (-434) 

-0.802  x 10-7 

-90.23  x 10-7 

~ 12.57  x 10*7 

16.3  (-430) 

-0.812x10-7  ' 

-91.35  x 10-7 

~ 12.57  x 10-7 

18.1  (-427) 

-0.816  x TO'7 

-91.80x10-7  1 

- 12.57  x TO'7 

20.2  (-423) 

-0.821  x 10-7 

-92.36  x 10-7  | 

~ 12.57  x 10-7 

77  (-321) 

-0.816  x IQ'7 

-91.80x10-7  | 

~ 12.57  x TO'7 

300  (80) 

-0.830  x 10*7 

t 

■93.38x  10-7 

~ 12.57  x IQ  7 

Reference:  96873 

American  Smelting  and  Refining  Company. 


5.1. 1-8  (11/76) 


F 


Stress,  MN/m 


FIGURE 


Temperature,  F 

-400  -300  -200  -100 


0 75 


5.  1. 2-ME1.  EFFECT  OF  TEMPERATURE  ON  THE  STRENGTH 
OF  ELECTROLYTIC  TOUGH  PITCH  COPPER 


5.1. 2-5  (11/74) 


A. 


Stress , ksi 


Specification:  CDA  No.  110 
Form: 

Dimension: 

Condition:  Annealed 


Testing  Temperature  K (F) 

Thermal  Conductivity 

Watts  nT1  K'1 
Btu  hr1  ff1  F'1 

No  o*  Spec. 

References:  90244.90300 

Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No  of  Spec. 

References: 

Specific  Heat 

Joules  kg-1  K"1 
Btu  lb’1  F"1 

No  of  Spec. 

References: 

Electrical  Resistivity 


273  (32) 


445 

1 


Ohm  m 

Ohm  circular  mil  ft-1 

No  of  Spec 

References: 


<257) 


880 

1 


5.1 .2-6  (11/76) 


TABLE  5.1.3  TR1 


Alloy  Designation: Copper -OFHC 

Specification:  CDANo.  102 

Form: 

Thickness,  cm  (in.): 

Condition:  Annealed 


Testing  Temperature,  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (423) 

10  (442) 

4 ( 452) 

Thermal  Conductivity 

RRR-250  Watts  m 1 K'1 

412 

480 

1150 

4050 

3230 

Btu  hr'1  ft 1 F 1 

(238) 

(278) 

(665) 

(2340) 

(1870) 

RRR  107  Watts  m 1 K 1 

406* 

460* 

1000* 

2150 

1450 

Btu  hr1  ft  1 F-1 

(235)* 

(266)* 

(578)* 

(1240) 

(838) 

RRR-97  Watts  m 1 K"1 

400 

440 

820 

900 

460 

183 

Btu  hr  * ft'1  F 1 

(231) 

(254) 

(474) 

(520) 

(266) 

(106) 

No.  of  Spec. 

2 

2 

2 

3 

3 

1 

References:  90111,94206 

Thermal  Expansion  to  T) 

Longitudinal 
Percent 

0 

-0.252 

0.288 

0.295 

0.295 

No.  of  Spec. 

3 

3 

4 

4 

1 

References:  90202.  90252, 
90366.  90459 

Specific  Heat 
Joules  kg"1  K 1 

380 

245 

95 

7.2 

0.85 

0.099 

Btu  lb  1 F'1 

(0.091) 

(0.0586 

(0.0227) 

(0.00172) 

(0.000203) 

(0.0000239) 

No.  of  Spec. 

2 

2 

1 

2 

3 

3 

References:  90223,90259, 
94206 

Electrical  Resistivity 
RRR-250  Ohm  m 

1.55  x 10-8 

3.54  x 10‘9 

5.82  x IQ’10 

8.10  x 10  11 

7.30  x 10  11 

Ohm  circular  mil  ft'1 

(9.32) 

(2.13) 

(0.350) 

(4.87  x 10-2) 

(4.39  x lO’2) 

1.60  x 10'10 

RRR 97  Ohm  m 

1.55  x 10-8 

3.40  x 10-9 

5.10  x IQ'10 

1.72  x 10'10 

1.65  x 10  ‘!0 

Ohm  circular  mil  ft"1 

(9.32) 

(2.05) 

(0.30-*} 

(0.103) 

(0.0992) 

(0.0962) 

No.  of  Spec. 

3 

3 

3 

3 

3 

References:  79561,90111, 
94206 

Magnetothermal  Conductivity^ 

H 

tesla 

Watts  m 1 K 1 0 

Btu  hr 1 ff1  F 1 
Watts  m'1  K 1 1 

Btu  hr  1 fr1  F 1 
Watts  m 1 K 1 2 

Btu  hr  1 ft 1 F 1 
Watts  m*1  K 1 4 

Btu  hr  1 ft  1 F1 
Watts  m"1  K 1 8 

Btu  hr'1  ff1  F'1 
No.  of  Spec. 

References:  94206 

Magnetoresistancel2) 

H 

tesla 

Ohm  m 0 

Ohm  circular  mil  ft’1 
Ohm  m 1 

Ohm  circular  mil  ft-1 
Ohm  m 10 

Ohm  circular  mil  ft'1 
No,  of  Spec. 

References:  96887 

2180 

(1260) 

2060 

(1191) 

1880 

(1087) 

1530 

(885) 

1202 

(695) 

1 

8.32  x 10'11 
(5.00  x 10-2) 
1.29  x 10‘19 
(7.76  x lO-2) 
5.48  x IQ-10 
(0.330) 

1 

1450 

(838) 

1250 

(723) 

1080 

(824) 

940 

(544) 

730 

(422) 

7.54  x 10'11 
(4.54  x 10-2) 
1.22  x lO10 
(7,34  x 10-2) 
5.37  x 10*10 
(0.323) 

1 

7.52  x 10  11 
(4.52  x 10-2) 
1.22  x 10  19 
(7.34  x 10-2) 
5.37  x 10*1° 
(0.323) 

1 

(1)  RRR  107. 

(2)  RRR  207. 

* Extrapolated. 


*'  Q ?. 


5.1.3-12  (11/76) 


TABLE  4.3.1 -ME3.6 


5083  H321 
Plate-Weld  Metal 


Alloy  Designation:  5083  Aluminum  Alloy  (Weld  Metal) 

Specification: 

Form:  Plate-MIG  welded,  5556  Alloy  filler 

Thickness,  cm  (in.):  1-270  to  2.540  (0.500  to  1.000) 
Condition:  5083-H321  Plate,  tested  as  welded 


Testing  Temperature.  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Sid  Deviation 

Elong,  percent 


297  (75)  195  (-108) 


Avg  306  (44.4)  319  (46.3) 

Mm 


Avg  177  (25.6)  184  (26.7) 

Min 


77  ( 320) 


450  (65.3) 


211  (30.6) 


474  (68,8) 


239  (34.6) 


RA,  percent  / 

K 

No  of  Spec.  (No.  ot  Heats) 

E,  GN/m2  (10®  psi)  f 

(I 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  - 16 

No.  of  Spec.  (No.  of  Heats) 


Avg  370  (53.7)  401  (58.1) 

Mm 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  f 

fi 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  t 

f 

No  of  Spec.  (No  of  Heats) 


Poisson's  Ratio 


417  (60.5) 


399  (57.9) 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90072 


4.3.1-3.6(11/76) 


Testing  Temperature,  K (F) 


297  (76) 


Tension,  Longitudinal 
TUS,  MN/m2  (k*i) 

Std.  Deviation 


Avg 

Min 


TVS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt» 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

. Avg 

Kt* 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  pri) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt» 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt" 

Min 

295  (42.8) 

280  (40.6) 


146  (21.2) 

129  (18.7) 


22.5 

17.7 


10  (1) 


419 

405 


177 

160 


10 


No.  of  Spec.  (No.  of  Heats) 

References:  96694 


(60.8) 

(58.8) 


(25.6) 

(23.2) 


24.5 

20.8 


(1) 


44.14.7(11/76) 


Thermal  Conductivity,  watts  m*1  K 


10,000 


Temperature,  F 

-450  -400  -300  -200-100  32 


FIGURE  5.1.3-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  OFHC  COPPER 


5.1.3-13(11/76) 


'U 


Thermal  Conductivity , Btu  hr'1  ft"1 


Temperature,  K 


FIGURE  5.1.3-MR1.  MAGNETORESISTANCE  VERSUS  TEMPERATURE  FOR  OFHC  COPPER 


* OO-r- 


5.1.3-17.1  (11/76) 


Alloy  Designation:  OFHC  Cu 

Specification: 

Form:  Rod 

Diameter,  cm  (in.):  0.9  (0.354) 

Condition:  Heavily  etched  and  air  cooled  after  annealing  at  823  K 

(550  C)  for  7 days 


Temperature, 
K (F) 

Mass  Susceptibility, 
X (cgsem) 

Volume  Suscepti- 
bility, k (mksa) 

Permeability, 
H (mksa) 

6.6  (-447) 

-0.836  x 10”7 

-89.32  x 10~7 

-12.57  x 10"7 

22.6  (-418) 

-0.856  x 10“7 

-91.46  x 10~7 

-12.57  x 10"7 

30.8  (-404) 

-0.863  x 10~7 

-92.21  x 10*7 

-12.57  x 10"7 

40.5  (-386) 

-0.869  x 10”7 

-92.85  x 10~7 

-12.57  x 10"7 

48.2  (-372) 

-0.872  x 10~7 

-93.17  x 10"7 

-12.57  x 10-7 

62.0  (-347) 

-0.873  x 10“7 

-93.28  x 10"7 

-12.57  x 10-7 

80.0  (-315) 

-0.872  x 10~7 

-93.17  x 10“7 

-12.57  x 10~7 

98.8  (-281) 

-0.869  x 10"7 

-92.85  x 10'7 

-12.57  x 10"7 

128.0  (-229) 

-0.869  x 10~7 

-92.85  x 10"7 

-12.57  x 10-7 

160.1  (-171) 

-0.867  x 10‘7 

-92.63  x 10-7 

-12.57  x 10-7 

208.0  (-85.0) 

-0.863  x 10~7 

-92.21  x 10“7 

-12.57  x 10-7 

247.5  (-13.9) 

-0.859  x 10-7 

-91.78  x 10"7 

-12.57  x 10'7 

292.0  (66.2) 

-0.855  x 10-7 

-91.35  x 10"7 

-12.57  x IQ"7 

Reference:  90467 


h r 


5.1.3-18  (11/74) 


Specification:  CDA  No.  122 
Form: 

Dimension: 


5. 1.4-9  (11/76) 


Thermal  Conductivity,  watts  rrr'K 


Thermal  Conductivity,  Btu  hr-1  ft-1  F 


Temperature,  F 

-400  -300  -200-100  32 


FIGURE  5.2.2-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE 

FOR  COPPER  ALLOY  70  Cu-30  Zn  . (]  , 

5.2.2  7 (11/74) 


r 


Thermal  Conductivity,  Gtu  hr'ff1  F 


Testing  Temperature  K fF) 


273 


(32) 


Thermal  Conductivity 

Watts  m1  K'1 
Btu  hr"1  ft'1  F"1 
No.  of  Spec. 

References:  90224 

Thermal  Expansion  !Tg7a  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K*1 
Btu  lb-1  F’1 
No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft*1 
No  of  Spec. 

References: 


30,  * 


5224  (11/78) 


90Cu-10Zn 

TABLE  5.2.4  ME  1 

Bar 

Alloy  Designation: 

90Cu-10Zn  Alloy  (Commercial  Bronze) 

Specification: 

CDA  No.  220 

Form: 

Bar 

Thickness,  cm  (in.): 

Up  to  2.540  (1.000) 

Condition: 

Annealed 

Testing  Temperature.  K (F) 

1 297  (75) 

Tension,  Longitudinal 
TUS,  MN/mZ  (ksi) 

Sid  Deviation 

TYS,  MN/mZ  (ksi) 
Std  Deviation 

Elong,  percent 


Avg  265  (38.5)  288  (41.8) 

Min 


Avg  66.2  (9.6)  70.3  (10.2) 

Mm 


381  (55.2)  505  (73.2)  470  (68.2) 


91.0  (13.2)  108  (15.6)  103  (15.0) 


RA,  percent  Avg  84  80 

Min 

No.  of  Spec.  I No  ol  Heals)  1 1 

E,  GN/mZ  (106psi>  Avg  104  (15.1)  113  (16.4) 

Mm 

No  ot  Spec.  (No.  of  Heals)  1 1 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/mZ  (ksj) 


Avg  344  (49.9)  383  (55.6) 

Mm 


No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS.  MN/mZ  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/mZ  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


122  (17.7)  124  (18.0)  125  (18,1) 


477  (69.2)  526  (76.3)  544  (78.9) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/mZ  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/rn2  (ksi)  Avg 

Kt  » Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90375 


5.2.4- 1 (11/76) 


TABLE  5.2.4-ME2 


90Cu  lOZn 
Bar 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  {in.): 
Condition: 


90Cu-10Zn  Alloy  (Commercial  Bronze) 


CDA  No.  220 

Bar 

Up  to  2.540  (1.000) 
Annealed 


Testing  Temperature,  K (F) 


Compression,  Longitudinal 

CYS,  MN/m2  (kti)  / 

K 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m^  (10®  psi)  f 

N 

No.  of  Spec.  (No.  of  Heats) 

Compression.  Transverse 
CYS,  MN/m2  (ksi)  / 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(106psi)  t 

K 

No  of  Spec  (No.  of  Heats) 

Sheath 

SUS,  MN/m2  (ksi)  / 

No.  of  Spec.  (No  of  Heats) 

G,  GN/m2  (10®  psi)  t 

ft 

No.  of  Spec.  (No.  of  Heats) 


297  (75) 


77  (-320)  20 


Avg  45.4  (6.59)  48.1  (6.97) 

Min 

1 1 


49.9  (7.24)  50.8  (7.37) 


Long.,  Nm(ft  lb)  Avg  152  (112)  135  (114) 

Min 

No.  of  Spec.  (No.  of  Heats)  1 1 

Trens..  Nm(ft-lb)  Avg 


152  (112)  156  (115) 


No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

Kjc  MN/m2/2((cii/in-)  Avg 

Min 

Orientation  - 
No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m3/2{(<|j/jn.)  Avg 

(From  PTSC  spec.H  — )Min 
No.  of  Spec.  (No.  of  Heats) 

References:  90375 

(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 


30 


6.2.4-2(11/76) 


r 


TABLE  52.4-TR1 


90Cut0Zn 


Alloy  Designation;  90Cu-10Zn  Alloy 


Specification:  CD  A No.  220 

> Form: 

Dimension: 

Condition:  Annealed 


Testing  Temperature  K < F> 

273  (32) 

100  (-280) 

50  (-370) 

20  ( 423) 

10  (-442) 

4 (452) 

Thermal  Conductivity 

Watts  m"1  K’1 
Btu  hr"1  ft'1  F'1 

No  of  Spec. 

References:  90224, 90317 

82.0 

(47.4) 

2 

42.0 

(24.3) 

2 

19.0 

(11.0) 

2 

6.10 

(3.53) 

2 

Thermal  Expansion  (Tj7-*  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No  of  Spec. 

References:  90223, 90314 

376 

(8.49  x IQ'2 

259 

(6.19  x 10'2) 

1 

105 

(2.51  x lO-2) 

1 

8.0 

1.91  x lO’3) 

1 

0.87 

(2.08  x lO*4) 

1 

0.096 

(2.29  x 105) 

1 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No.  of  Spec. 

References:  79561,90317, 
90348 

3.90  x 10-8 

(23.5) 

3 

2.45  x 10-8 
(14.7) 
3 

2.05  x 10-8 

(12.3) 

3 

1.98  x lO  8 

(11.9) 

3 

1.98  x lO"8 

(11.9) 

3 

1.98  x 10-8 

(11.9) 

2 

5.2.4-3  01/76) 


Thermol  Conductivity,  watts 


90Cu- tOZn 


Specific  Heat,  Joules  Kg 


90Cu-10Zn 


Specific  Heat,  Btu  lb"1 


Specific  Heat,  Joules  kg 


Specific  Heat,  Btu  lb  F 


~ 90Cu-10Zn 

u 


Temperature,  F 


FIGURE  5.2.4-R1.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  COPPER  ALLOY 
90Cu-10Zn  •';!/< 


5 .2.4-7  (11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft'1 


Electrical  Resistivity,  ohm  m x 10 


90Cu-10Zn 


FIGURE  5.2.4-R1.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE  FOR  COPPER  ALLOY 


90Cu-10Zn 


5.2.4  7 (11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft 


90Cu-10Ni 

TABLE  5.3.1  ME0 .1 

Plate 

Alloy  Designation: 

90Cu-10Ni  Alloy 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


CDA  No.  706 
Plate 

1.270  to  2.540  (0.500  to  1.000) 
Annealed  (assumed) 


Testing  Temperature,  K (F) 


173  (-150)  123  (-240)  77 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 


Avg  312  (45.3)  331  (48.0)  355  (51.5)  359  (52.1)  437 


Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  278  (40.3)  285  (41.4)  294  (42.7)  299  (43.3)  321 


RA,  percent  t 

K 

No  of  Spec.  INo  of  Heats) 

E,  GN/m2  (106  psi)  / 

It 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats! 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 


Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


RA,  percent  / 

fi 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
■/.fork  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


References:  96688 


5.3.1 -0.1  (11/76) 


■ 


TABLE  5.3.1-TR1 

90Cu-10Ni 

Alloy  Designation:  90Cu-10Ni  Alloy 

Specification:  CD4 

Form: 

Dimension: 

Condition:  Annealed 


CDA  No.  706 


Te»,.iig  Temperature  K (F) 


50  (370) 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr'l  ft'^  F'l 

No  Of  Spec. 

References:  90318,  96875 


5.80  1.30 

(9.66)  (3.35)  (0.752 

2 2 


Thermal  Expansion  <T; 
Longitudinal 


Percent 

No  of  Spec, 

References: 


Specific  Heat 
Joules  kg'1  K"^ 
Btu  lb'-*  F"1 
No  of  Spec 
References:  90223 


(0.0000268) 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft'^ 

No  of  Spec 

Reference?:  79561,  90224, 
90318 


15.1  x 10‘8  I 14.6  x 10"8  14.1  x 10-8  14.0  x 10‘8  14.0  x 10^ 

(90.8)  (87.8)  (84.8)  (84.2)  (84.2) 

3 3 3 1 1 


o!4 


5. 3. 1-3  (11776) 


£ 


mmm 


Thermal  Conductiv 


Temperature,  F 

-400 


-300  -200  -100  32 


Temperature,  K 


FIGURE  5.3.1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERTURE  FOR  COPPER  ALLOY 
90Cu-10Ni 


5.3.1-4(11/76) 


Thermal  Conductivity , Btu  hr"1  ft"1 


TABLE  5.3.2-ME1 


80Cu-20Ni 

Plat* 


Alloy  Designation;  80Cu-20Ni  Alloy 

Specification:  CDA  No.  710 

Form:  Plat* 

Thickness,  cm  (in.):  1270  to  2.540  (0.500  to  1.000) 

Condition:  Ann*at«d  (assumed) 


Testing  Temperature.  K (F) 


297 (75) 


220  (-60) 


173  ( 150) 


123  (-240) 


77  (-3 20) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (106  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Woik  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats ? 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Mm 


299  (43.3) 


332  (48.2) 


363  (52.6) 


387  (56.1) 


469  (68.0) 


56 


70.0 


57 


68.5 


57 


66.0 


55 


63.0 


56 


570 


Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10«  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

References:  96688 

5.3.2-1  (11/76) 


Testing  Temperature,  K (F) 


297 (75} 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYP  MN/rn2  (ksi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Shear  (a> 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats! 

G,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 


Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 


92  (68) 


92.9 


Trans.,  Nm(ft-fb)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 


Fracture  Tough ness(b> 

Kjc  MN/m^Jksi/in.)  Avg 

Mm 

Orientation  - 

No.  of  Spec.  (No  of  Heats) 

K|g,  MN/m2/2(ksi-/  in.)  Avg 

(From  PTSC  spec.H  — )Min 
No.  of  Spec.  (No.  of  Heats) 


References:  96683 


(a)  Indicate  specimen  design  end  orientation  for  sheer  specime  n: 

(b)  Indicate  specimen  design  for  K|c  data: 


(68.5) 


5.3.2-2(11/75) 


TABLE  5.3.2-TR1 

80Cu-20Ni 

Alloy  Designation: 

80Cu-20Ni  Alloy 

Specification : 

CDA  No.  710 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F) 


273  (32)  100 


■280)  50  (-3701  20  (-423)  10  (-442) 


Thermal  Conductivity 

Watts  m*1  K"* 

8tu  hr'*  ft*1  F'l 

No  Of  Spec 

References:  90170, 96875 


10.20  4.10 

(590)  (2.37) 

2 2 


Thermal  Expansion 
Longitudinal 

Percent 

No  of  Spec. 

References: 

Specific  Heat 

Joules  kg-1  K*-* 
Btu  Jb*^  F~^ 

No.  of  Spec. 

References: 

Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"^ 
No.  of  Spec- 

References: 


5.3.2-3(11/76) 


Thermal  Conductivity,  watts  m 


-450 


Temperature,  F 

-400 


-300  -200  -100  32 


FIGURE  5.3.2-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  COPPER  ALLOY 
80Cu-20Ni 


5.3.2-4(11/76) 


A 


Thermal  Conductivity , Btu  hr"1  ft"1 


urn 


TABLE  5.3.3-ME0.1 


70Cu-30Ni 

Plate 


Alloy  Designation: 


70Cu-30Ni  Alloy 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


CDA  No.  715 
Plate 

1.270  to  2.540  <0.500  to  1.000) 
Annealed  (assumed) 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS.  MN/m2  (ksi) 

3rd  Deviation 

Elong,  percent 

RA,  percent 

No  of  Spec  (No  ol  Heats) 

E.  GN/m2  (10®  psi) 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Mm 


NTS,  MN/m7  (ksi) 

Kt  « 

No  of  Spec  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Min 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kf  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  96688 


297(75)  1 220  (-60)  1 

173  (-150) 

123  (240) 

77  (320) 

288  (41.8) 


80.0 


321  (46.6) 


59 


79.5 


348  (50.4) 


60 


77.5 


382  (55.4) 


63 


76.5 


435  ( 63.1) 


70 


76.0 


5.3.3  0.1  (11/76) 


rn^i, 


TABLE  5.3.3-ME0.2 


70Cu-30Ni 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


70Cu  30Ni  Alloy  (Weld  Metal) 


CDANo.  715 

Plate-MlG  welded,  70Cu-30Ni  Alloy  filler 
1.270  to  2.540  (0.500  to  1.000} 

Plate  tested  as  welded 


Testing  Temperature,  K (F) 


Compression,  Longitudinal 
CYS,  MN/m2  (ksi) 

I 

No.  of  Spec.  (No.  of  Heats) 

cc,  GN /m2  (106  psi) 

No.  of  Spec.  (No  of  Heats) 

Compression,  Transverse 
CYS,  MN/m2  (ksi) 

No.  of  Spec  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi) 

No  of  Spec  (No.  of  Heats) 

Shear  M 

SUS,  MN/m2  (ksi) 

No  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  psi) 

No.  of  Spec.  (No  of  Heats) 


Long.,  Nm(ft-lb) 


297 (75) 


173  (-150)  123  ( 240) 


No.  of  Spec.  (No  of  Heats) 

Trans.,  Nm(ft-lb) 


Fracture  Toughness^) 

Kjc  MN/m3/2(ksix/in.)  Avg 

Mm 

Orientation:  — 

No  of  Spec.  (No.  of  Heats) 


5.3.3-0.2  (11/76) 


TABLE  5.3.3-TR1 

70Cu30Ni 

Alloy  Designation: 

70Cu-30Ni 

Specification: 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F> 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr"^  ft  ^ F'^ 

No  ot  Spec. 

References:  96888 

Thermal  Expansion  (T773  t 
Longitudinal 

Percent 

No  of  Spec 

References:  90336 

Specific  Heat 

Joules  kg  ^ K'^ 

Btu  tb'^  F~^ 

No  of  Spec, 

References: 

Electrical  Resistivity 


Ohm  m 

Ohm  circular  mil  ft"^ 

No  of  Spec. 

References:  79561 


50  {-370} 


10  (442) 


4.22  1.1 

(2.44) 

1 1 


33.4  x 10‘® 

(231) 

1 


36.9  x 10'8 

(222) 

1 


36.6  x 10'® 

(220) 

1 


36.5  x 10® 

(220) 

1 


36.4  x 10-®  36.4  x 10  ® 

(219)  0 

1 1 


Magnetothermal  Conductivity^)  j 

(1)  The  application  of  magnetic  fields  up  to  8 tesla  produced  no  detectable  effect  on  the  thermal  conductivity. 


•' * ; 1 ( 


5.3  3-3  (11/76) 


M 


ctrical  Resistivity,  ohm  m x 10 


Alloy  Designation: 


Cu-Be  <1.8-2.01  Alloy 


Specification: 

CDA  No.  172 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

AT  (600  F,  3 hr,  AC) 

TABLE  5.4.2  ME0.1 


Testing  Temperature.  K (F) 


Fatigue.  Axial  Loading 

Sf\j  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S N Curves  (No.  ol  Heats! 

Ratio  Sfg/TUS  at  10®  cycles 

Sfg  at  10^'  cycles,  MN/m^lksi) 
Loading  frequency  Hz 

with  R * and  Kt  = 

No  ot  S N Curves  (No  of  Heats) 

Ratio  Sfyj/TUS  at  10®  cycles 

Sfg  at  \07  cycles,  MN/n>2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S N Curves  (No  ol  Heats) 

Ratio  Sfg/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sjg  at  10®  cycles,  MN/m^fksi) 
Loading  frequency  30  Hz 
with  R = -1  and  Kt  = 

No  of  S N Curves  (No.  of  Heats) 

Ratio  $nj/TUSat  10®  cycles 

Sm  at  106  cycles,  MN/m2(ksi) 
Loading  frequency  30  Hz  (a) 
with  R = 1 and  Kt  = 

No.  of  S N Curves  (No  of  Heats) 

Ratio  Sfg/TUS  at  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 


689  <100) 


779  <113)  1076  (156) 


469  (68) 


517  (75)  724  (105) 


References:  45001 

(a)  Frequency  = 58 Hz  for  tests  at  20  K 


5.4.20.1  (11/76) 


TABLE  5.5.1 -TR1 


95Cu-5Sn 


Alloy  Designation:  95Cu-5Sn  Alloy  (Phosphor  Bronze  A) 


Specification:  CDA  No.  518 

Form: 

Dimension: 

Condition:  Annealed  except  as  noted 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (-423) 

10  (-442) 

4 (-452) 

Thermal  Conductivity 

Watts  m'1  K1 
Btu  hr"'  ft''  F’' 

No  of  Spec 

References: 

Thermal  Expansion  to  T) 

Longitudinal'^ 

Percent 

0 

-0.252 

-0.291 

-0.297 

-0.297 

-0.297 

No  of  Spec. 

References:  74405 

Specific  Heat 

Joules  kg"'  K'1 
Btu  lb'1  F-1 

No  of  Spec. 

References: 

Electrical  Resistivity 

1 

1 

1 

1 

1 

1 

Ohm  m 

10.48  x 10  ® 

9.08  x 10-® 

8.70  x IQ'8 

8.58  x 10-8 

8.58  x 10-8 

8.59  x lO-8 

Ohm  circular  mil  ft'' 

(63.0) 

154.6) 

(52.3) 

(51.6) 

(51.6) 

(51.7) 

No.  of  Spec. 

References:  79561 

(1!  Spring,  cold  drawn  85% 

1 

1 

1 

1 

1 

1 

5.5.1-3(11/76) 


Temperature 


5.5.1-4(11/76) 


FIGURE  5.5.1-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  COPPER  ALLOY  95Cu-5Sn 


Electrical  Resistivity,  ohm  m x 10 


O 


95Cu-5Sn 


Temperature,  F 

•450  -400 


-300  -200  -100  32 


Temperature,  K 

figure  5.5.1  ri.  electrical  resistivity  versus  temperature  for  copper  alloy 

95Cu-5Sn 

5.5. 1-5  (11/76) 


i 


Electrical  Resistivity,  ohm  circular  mil  ft 


TABLE  5.5.2-TR1 

92Cu-8Sn 

Alloy  Designation:  92Cu  8Sn  Alloy 

C52100 

Specification: 

CDA-521 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr1  ft'1  F'1 

No  of  Spec. 

References: 

Thermal  Expansion  (T?7^  t 
Longitudinal 

Percent 

No.  of  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K"1 
Btu  lb'1  F'1 

No.  of  Spec. 

References:  94206 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No  of  Spec 

References: 


20  (423) 

10  (442) 

1 

(452) 

1 .08  0.07 

{0.000258)  (0.0000167) 

1 1 


aa>< 


5.5.2-3  {11/76) 


Specific  Heat.Btu  lb"1  F‘ 


TABLE  S.5.3-TR1 

90Cu-10Sn 

Alloy  Designation: 

90Cu-10Sn  Alloy 

Specification: 

CDA  No.  524 

Form: 

Dimension: 

Condition: 

Testing  Temperature  K (F) 


Theimal  Conductivity 

Watts  m'1  K*1 
Btu  hr"1  ft"1  F"1 

No  of  Spec. 

References: 

Thermal  Expansion  (T?73  t 
Longitudinal 

Percent 

No.  of  Spec 

References:  94206 


273  (32)  100 


-280)  50  (-370)  20  (-423)  10  (-442) 


Joules  kg’1  K*1 
Btu  lb1  F1 

No  of  Spec. 

References:  94206 


(2.86  x 10-4) 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"1 

No.  of  Spec. 

References. 


(1)  89Cu-11Sn,  as  cast 


5.5.3-1  (11/76) 


CM  fO  * 

0 o c 

1 » 

U0lSUDdX3  [DUJJ3M1 


.5.3-2  01/76) 


Cu-0.4Cr-0.4Cd 

Extrusion 


TABLE  5.7.1-ME1 


Alloy  Designation:  Cu-Cr  Cd/PHT  (PO-135) 


Specification: 

Form:  Extrusion 

Thickness,  cm  (in.):  1.59  (0.625)  to  2.54  (1.000) 

Condition:  Extruded  from  20.3  cm  (8-inch;  hillet  at  1227  K (1750  F), 

Precipitation  hardened  1 hr  at  866  K (1100  F) 


Testing  Temperature,  K (F) 


297  (75) 

4 (-452) 

1 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  pst) 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS.  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No.  of  Heats) 


Avg 

Mm 


Avg 

Mm 


Avg 

Min 

Avg 

Mm 


Avg 

Mm 


NTS,  MN/m2  (ksi) 


Kt« 

No.  of  Spec.  (No  of  Heats) 


Avg 

Min 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (Nr.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References:  94208G 


Avg 

Min 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Min 


350  (50.8) 


243  (35.3) 


32.0 


73.4 


478  (69.3) 


263  (38.1) 


40.2 


71.2 


523  (75.8) 

255  (37.0) 

59.8 

67.8 


436  (63.3) 


622  (90.2) 


694  (100.7) 


• it.  «> 


5.7. 1-1  (11/75) 


m 


TABLE  5.9.1-ME1 


CuAI 

Bar 


Alloy  Designation: 


Cu  AI  Alloy  (Aluminum  Bronze  D) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


CDA  No.  614 
Bar 

Up  to  2.540  (1.000) 
Annealed 


Testing  Temperature,  K (F) 


j 297 (75) 

195  (-108) 

77  (-320) 

20  (-423) 

4 (-452) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYC.  MN/m2  (ksi) 
otd  Deviation 

Elong,  percent 

RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No.  O'."  Spec  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Harden  ing  Coef 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Mm 


NTS,  MN/m2  (ksi) 

Avg 

K,  = 5.0 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No.  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kf 

Mm 

574  (83.2) 


410  (59.4) 


40 


66 


617  (89.5) 


447  (64.8) 


45 


71 


109  (15.8) 

1 


845  (122.5) 

1 


111  (16.1) 
1 


919  (133.3) 

1 


7 29  (105.8) 


479  (69.5) 


52 


64 


872  (126.4) 


556  (80.6) 


48 


58 


112  (16.3) 

1 


1021  (148.1) 


112  (16.3) 

1 


1202  (174.3) 
1 


927  (134.5) 


568  (82.4) 


52 


59 


112  (16.3) 

1 


1109  (160.8) 


No  of  Spec.  (No,  of  Heats) 

References:  90375 


338' < 


5.9. 1-1  (11776) 


‘ 


1 


Testing  Temperature,  K < F) 


297  (75) 


Compression  Longitudinal 

CYS,  MN/m-  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Her.ts) 


Ec,  6N  /m2  ( 10®  pii) 


Avg 

Min 


No.  of  Spec.  (No.  of  Meets) 


Compression,  T ransvcrse 
CYS,  MN/m2  (ksi) 


Ava 

Min 


No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/-.2(10®  psi) 

Jo.  of  Spec.  (No.  of  Heats) 

Shear!®) 


Avg 

Min 


SUS,  MN/m2  (ksi) 


Avg 

M m 


No.  of  Spec.  (No.  of  Heats) 


G,  GN/n.2  (10®  psi) 


Avg 

Min 


No.  of  Spec.  INo.  of  Heats) 


Impact,  Charpy  V 
Long.,  Nm(ft-lb) 


Avg 

Min 


No.  of  Spec.  (No.  of  Heats) 


Trans.,  Nmfft-lb) 


Avg 

Min 


No.  of  Spec  (No.  of  Heats) 


Fracture  Toughness!  ®) 
K|C  MN/m^ksi/in.) 


Avg 

Min 


Orientation-  - 

No.  of  Spec.  (No.  of  Heats) 


K|£,  MN/m^2(ksi/in.)  Avg 

(From  PTSC  spec.)(  - )Min 
No.  of  Spec.  (No.  of  Heats) 


References:  90375 


149  (110) 

1 


136  (100) 

1 


98  (72) 

1 


89  (66) 

1 


(a)  Indicate  speck  „«n  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


33S< 


5. 9.1-2  (11778) 


Thermal  Conductivity 

Watts  m'1  K-lW 
Btu  hr'1  ft'1  F1 

No  o*  Spec. 

References:  90170 

Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  74405 

Specific  Heat 

Jou'js  kg'*  K'1 
Btu  lb"^  F*^ 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m'3) 

Ohm  circular  mil  ft'^ 

Ohm  m^ 

Ohm  circular  mil  ft ^ 

No.  of  Spec.  (No.  of  Heats) 
References:  79561 


100  (-280) 

50  ( 370) 

20  (-423) 

mm. 

0 

0.240 

-0.277 

-0.282 

-0.283 

2.10 

(1.21) 

3 

? 

1 

1 

1 

1 

18.4  x 10*8 

16.2  x 10'8 

15.8  5;  10  8 

15.6  x 10  8 

15.7  x 10-8 

15.7  x 10-8 

(111) 

(97.4) 

(95.0) 

(93.8) 

(94.4) 

(94.4) 

16.2  x 10-8 

14.2  x 10-8 

13.8  x 10-8 

13.8  x 10-8 

13.8  x 10-8 

12.9  x 10-8 

(97.4) 

(85.4) 

(83.0) 

(83.0) 

(83.0) 

(83.6) 

2 

2 

2 

2 

2 

2 

(1)  Cu  + 4.5-6.1  At. 

(2)  90.95Cu,  6.57 Al,  2.13Fe. 

(3)  81Cu,  9.95AI,  5.20Ni,  3.35Fe,  0.3Mn 

(4)  91Cu,  6.57 Al,  2.13Fe 


•i40< 


5.9.1  3(11/76) 


INDEX  TO  MATERIAL  CODES  FOR 
SECTION  6.0 


NICKEL  AND  NICKEL  ALLOYS 


MATERIALS 

K MONEL  (K-500) 
INCONEL  600 
INCONEL  X-750 
INCONEL  718 
INCONEL  706 
INVAR  36 
Ni-SPAN  C 
INCO  LEA 
NICKEL 
"A"  NICKEL 


MATERIAL  CODE 

6.1.1 

6.2.1 

6.2.2 

6.2.3 

6.2.4 

6.3.1 

6.3.2 

6.3.3 

6.4.1 

6.4.2 


r ■ ^ -■ 

r 

Alloy  Hesitation: 

TABLE  6.1.1  ME3 
K Monel  (K-500)  Nickel-Base  Alloy 

K Monel 
Sheet 

[ V/ 

Specification: 

QQN-286 

Form: 

Sheet 

1 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  - 0.125) 

I 

Condition: 

Aged  867  K (1100  F)  16  hr  + controlled  cooiing  cycle 

Fatigue,  Flexural  Loading,  Surface 

Sfg  at  10®  cycles,  MN/m2(fcsi)  517 
Loading  frequency  Hz 
with  R = -1  and  K*  3 1 

No  ol  S-N  Curves  (No.  ol  Heats)  1 


90  rms 
(75) 


Ratio  Sft/TUS  at  10®  cycles 


Sft  at  10®  cycles,  MN/m2{ksi)  3 
Loading  frequency  Hz 
with  R = -1  and  Kt  = t 

No  of  S-N  Curves  (No.  of  Heats)  1 


1 (1) 

0.50 

379  (55) 


Ratio  Sf^/TUS  at  10®  cycles 


\ U) 

0.37 

345  (50) 


S|g  at  107  cycles,  MN/m2(ksi)  3 
Loading  frequency  Hz 
with  R = -1  and  Kt  = 1 

No.  of  S N Curves  INo  of  Heats)  1 

Ratio  Sjy/TUS  at  107  cycles 


Fatigue.  Flexural  Loading,  Surface  Finish  16  rms 

Sn  at  105  cycles,  MN/m2(ksi)  586  (85) 

Loading  frequency  Hz 

with  R = -1  and  Kt  = 1 

No.  of  S N Curves  (No.  of  Heats)  1 (1) 

Ratio  SN/TUS  at  1 0®  cycles  0.56 

Sn  at  10®  cycles,  MN/m2(ksi)  379  (55) 

Loading  frequency  Hz 

with  R =-1  and  Kt  = 1 

No  of  S-N  Curves  (No  of  Heats)  1 (1) 

Ratio  S/y/TUS  at  10®  cycles  0.36 

Sn  at  107  cycles,  MN/m2(ksi)  324  (47) 

Loading  frequency  Hz 

w:tb  R = -1  and  Kt  = 1 

No  ol  S-N  Curves  (No  of  Heats)  1 (1) 

Ratio  Sn/TUS  at  107  cycles  0.3 1 

References : 334 1 7 


77  (-320) 


607  (88) 

1 (1) 

0.50 

393  (57) 

1 (1) 

0.32 

352  (51) 


662  (96) 

1 (D 

0.53 

469  (68) 

1 (1) 

0.38 

448  (65) 


634  (92) 

1 Ol 

0.47 

476  (69) 


745  1108 

1 (1) 

0.55 

579  (84) 


6.1.1  3 (11/74) 


I 


TABLE  6.1-1-ME3.1 


Alloy  Designation:  K Mooef  (K  5001  Nickel  Base  Alloy 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Annealed 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


RA,  percent 


297  (75)  | 195  (-108)  144  (-200)  77  < 320)  1 20  (423) 


Avg  656  (95.1)  72.81  (105.6)  789.5  (114.5)  919.8  (13.34)  1048  (152.0) 


Avg  314  (45.6)  349  (50.6)  390  (56.6)  448  (65.0)  515  (74.7) 


Avg  38.8 

Mm 


No  of  Spec.  (No.  of  Meats)  3 (1)  3 (1)  3 (1)  3 (1)  3 (1) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No.  ol  Spec.  (No  of  Heats) 

Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg  623  (90.3)  690.2  (100.1)  754.3  (109.4)  832.9  (120.8)  897.7  (130.3) 

Kj  = 10  Mm 

No.  of  Spec.  (No.  of  Heats)  3 (1)  3 (1)  3 (1)  3 (1)  3 (1) 

NTS.  MN/m2  (ksi)  Avg 

= Min 

No  of  Spec.  (No  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m 2 (ksi) 
Std  Deviation 

Elong,  percent 


RA,  percent 


Avg  656  (95.2)  737.1  (106  9)  992.9  (144.0)  913.6  (132.5)  105.5  (153.0) 


Avg  316  (45.8)  360  (52.2)  395  (57.3)  439  (63.6)  574  (83.2) 

Min 


Avg  36.5 

Min  I 


No  of  Spec  (No  of  Heats)  3 (1)  3 (1)  3 (1)  3 (1)  3 (1) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90181 


I 


6.1. 1-3.1  (11/76) 


Testing  Temperature,  K (F) 

297  (75) 

195 

(-108) 

Tension,  Longitudinal 

TDS,  MN/m2  (ksi) 

Avg 

652  (94.6) 

729 .J. 

(105.8) 

Std  Deviation 

Min 

TYS.  MN/m2  (ksi) 

Avg 

328  (47.5) 

376 

(54.5) 

Std  Deviation 

Mm 

Elong,  percent 

Avg 

Min 

32.2 

35.7 

RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

3 (1) 

3 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heals) 

Poisson's  Ratio 
Work  Hardening  Cocf 

NTS.  MN/m2  (ksi)  Avg 

K(  = Mm 

No  of  Spec.  (No.  of  Heals) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

K|  * Mm 

No  of  Spec  (No.  of  Heals) 

NTS,  MN/m2  (ksi)  Avg 

K{  3 Mm 

No.  of  Spec.  (No.  of  Heats) 

Reference*:  90181 


6.1. 1-3.2  (11/76) 


A 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  {in.): 
Condition: 


TABLE  6.1.1 -ME3.3 
K Monel  (K-500)  Alloy  (Weld  Metal) 


Shoet-TIG  welded,  K -Monel  filler 
0.100  to  0.319  (0.040  to  0.125) 

Annealed  sheet,  welded,  then  age  hardened  and  tested 


K-500 

Sheet  Weld  Metal 


1 


Testing  Temperature.  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

ElOitg,  percent 


297  (75) 


195  (-108)  144  ( 200)  I 77 


( 320)  | 20  (-423) 


Avg  1049  (152.1)  1114  (161.5)  1138  (165.0)  1252  (181.6)1364  (197.9) 


Avg  759.1  (110.1)  828.8  (120.2)  841.9  (122.1)  924.6  (134.1)  1007  (146.1) 


RA,  pc:  cent  f 

K 

No.  ol  Spec.  (No.  ot  Heats) 

E.  GN/m2  (106  psi)  f 


No  ol  Spec  (No.  ol  Hoots) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

K,  = Min 

No.  ol  Spec  (No.  ol  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  ol  Spec.  (No  ol  Heats) 

Tension,  Transverse 

TUS.  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  / 

h 

No  ol  Spec.  (No.  ol  Heats) 

E,  GN/m2  (10®  psi)  / 

It 

No  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

References:  90181 


6.1. 1-3.3  (11/76) 


Altoy  designation: 


TABLE  6.1.1-ME3.4 
K Mortal  (K-500)  Nickel  Base  Altoy 


Specification: 

Form: 

Sheet 

Thidcness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Cold  rolled,  54  hard  and  age  hardened 

Testing  Temperature.  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Etong,  percent 


Avg  1250  (182) 

Mirt 


Avg  1120  (163) 

Min 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heals) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Mm 

Std.  Oeviaoon 

Etong,  percent  Avg 


Avg  180  (26) 

Mm 


RA,  percent  Avg 

Min 

No.  of  Spec  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Mm 

No  of  Spec  (No.  of  Heats) 

References:  49048 


6.1.1  3.4  (11/76) 


TABLE  6.1.1-ME3.5 


Y 500 
Sheet 


Alloy  Designation: 


K Monel  (K  500}  Nickel-Base  Alloy 


Specification: 

Form: 

Thickness,  cm  fin.}: 
Condition: 


Sheet 

0.100  to  0.319  (0.040  to  0.125) 

Cold  rolled,  'A  hard  and  age  hardened 


Testing  Temperature,  K (F) 


| 297 (75)  1 

195  (-108)  | 

[ 77  (-320)  | 

20  (-423) 


Fatigue,  Axial  Loading 

Sfj  at  105  cycles,  MN/m2(k si)  |620  (90) 

Loading  frequency  30(®^Hr 
with  R = -1  and  Kt  = 1 

No  of  S N Curves  (No.  of  Heats) 

Ratio  Spj/TUS  at  105  cycles  J 380  (55) 

Sfg  at  10®  cycles,  MN/m2lksi)  1 380  (55) 

Loading  frequency  30'a»Hz 
with  R = -1  and  Kt  * 1 

No  of  S N Curves  (No  ol  Heals) 

Ratio  Sfg/TUS  at  10®  cycles 

Sjg  at  107  cycles,  MN/m2(ksi) 

Loading  frequency  Hr 
with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  SnCTUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sfj  at  10®  cycles,  MN/m2(ksi)  |460  (66) 

Loading  frequency  30^Hlr 
with  R = -1  and  Kt  = 3.1 

No  of  S N Corves  (No.  o(  Heals) 

Ratio  S^/TUS  at  10®  cycles 

SN  at  10®  cycles,  MN/m2(ksi)  | 270  (39) 

Loading  frequency  30*a^Hz 
with  R = -1  and  Kt  - 3.1 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

S{g  at  107  cycles,  MN/m2(ksi) 

Loading  frequency  Ha 
with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sfy/TUS  at  1 07  cycles 


References:  49048 

(a)  Frequency  = 58  Ha  for  tests  at  20  K (-423  F) 


690  (100) 

460  (67) 

460  (67) 


720  (105) 

480  (69) 

480  (69) 


979  (142) 

696  (101) 

696  (101) 


510  (74) 


570  (82) 


660  (95) 


300  (43) 


330  (48) 


330  (48) 


liSu* 


6.1. 1-3.5  <1 1/76) 


TABLE  6.1.1-ME3.6 

K-500 

Sheet  WeM  Metal 

I 

Alloy  Designation: 

K Monel  (K  500)  Alloy  (Weld  Metal) 

I o 

Specification: 

Form: 

Thickness,  cm  (in ): 
Condition: 

Sheet  TIG  welded,  K -Monel  filler 
0.100  to  0.319  (0.040  to  0.125) 
Age-hardened  sheet,  tested  as  welded 

Testing  Temperature,  K (F) 


297(75)  1 195  (-108) 


77  (-320)  20  (-423) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 


Avg  683  (99.0)  757.7  (109.9)  819.1  (118.8)  921.8  (133.7)  1096  (158.9) 


Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Efong,  percent 


Avg  432  (62.7)  516  (74.9)  585  (84.9)  643  (93.2)  743.9  (107.9) 


RA,  percent  / 

N 

No  ol  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  p$j)  / 

It 

No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kj  » Mm 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kj  = Mm 

No.  of  Spec.  (No  ol  Heats) 


Tension.  Transverse 
TUS,  MN/m2  (ksi) 


Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


RA,  percent  t 

b 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

b 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 


NTS,  MN/m*  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 


References:  90181 


6.1.1-3.6(11/76) 


TABLE  6.1.1-ME4 

Alloy  Designation:  K Monel  (K-500)  Nickel-Base  Atloy 

Specification:  QQ  N-286A 

Form:  Bar 

Diameter:  Up  to  2.54  cm  (I.OuO  in.) 

Condition:  Aged  867  K (1100  F)  21  hr,  811  K (1000  F)  8 hr.  AC 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


195  (108) 


Avg  1082  (157)  1225  (178)  1295  (138)  1417  (206) 

Mm  1048  052)  1214  (176)  1255  0 82)  1379  (200) 

41.7  (6  05) 

Avg  703  (102)  893  (130)  865  (125)  939  (136) 


Mm  634  (92) 

65  2 (9.46) 


887  (129  ) 800  (116  ) 862  0 25} 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No  ol  Heals) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  ol  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No  of  Spec.  (No.  of  Heats) 


Tension,  T ransverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Efong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Halts) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  “ Mm 

No  of  S|>oc.  (No.  of  Heals) 

Reference*:  54986,  64373.  83417 
r* 


53.7 

5) 

13  (3) 


54.3 

54  2 
3 (1) 


54.3 

54.3 

8 (2) 


52.4 

52  1 

5 (21 


6.1.14  (11/74) 


TABLE  6.1.1-TR1 

Alloy  Designation:  K -Monel  Nickel  Alloy 


Specification: 

Form: 

Dimension: 

Condition:  Age  Hardened 


6.1.17.1  (11/76) 


I..  — 


TABLE  6. 1.1 -MAI 


Alloy  Designation: 

Specification: 

Form: 

Diameter: 

Condition: 


"K"  Monel  N05500 

66.0Ni— 29.0Cu~0.9Fe— 0.85Mn— I.OSi— 0. 1 50 
Rod 

Not  given 

As  indicated  in  table  below 


Magnetic  Permability  at  Room  Temperature 
<H  = 0.2kOe) 


Condition 

Soft* 

Soft  and  age  hardened** 

Cold  drawn  20  percent 

Cold  drawn  20  percent  and  age  hardened 

Cold  drawn  50  percent 

Cold  drawn  50  percent  and  age  hardened 


Permeability 

12.58  x 10  7 

12.59  x 10  7 

12.58  x 10’7 

12.59  x 10'7 

12.58  x 10’7 

12.59  x IQ'7 


Reference:  90220 

* Quenched  in  water  following  45  minutes  at  1550  F (1116  K). 

**  Sixteen  hours  at  1080  F (855  K),  furnace-cooled  to  800  F (700  K)  at  15deg  F 
per  hour  and  air-cooled. 


Alloy  Designation: 

Specification: 

Form: 

Diameter,  cm  (in.): 
Condition: 

Test  Temperature : 


Inconel  600 


Rod 

0.37  (0.145) 

Solution  annealed 
4.2  K (452  F) 

Measured  permeability  at  room  temperature  = 12.82  x 10'^ 
Curie  Temperature:  148.5  K (-192  F) 


0 I I l 1 1 1 1 1 1 1 1 

0 200  400  600  800  1000 

Impressed  Field,  H (Oe) 


FIGURE  6.2.1-MA1.  MAGNETIZATION  VALUES  FOR  INCONEL  600  [96871] 


6.2.1  6(11/76) 


A 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  6.2.2  ME4.1 


Inconel  X 750  Nickel-Base  Alloy  (Weld  Metal) 


Inconel  X-750 
Sheet  Weld  Metal 


Sheet  TIG  welded  Inconel  X-750  filler 
0.100  to  0.319  (0.040  to  0.125) 

Annealed  sheet  welded  and  tested  as  welded 


Testing  Temperature,  K <F) 

297  (75) 

195  (108) 

144  ( 200)  1 

77 

20 

Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  o!  Spec  (No.  ol  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  ol  Spec  (No.  ol  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

“t* 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

ol  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

E.  GN/mZ  (10®  psi) 

Avg 

Mm 

No  of  Spec  (No. 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec  (No 

of  Heats) 

NTS,  MN/mZ  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No  of  Heats) 

References:  58060 


779.1  (113.0) 


372  (54.0) 


40.8 


3 (1> 


857.7  (124.4) 


405  (58.7) 


44.2 


3 (1) 


908.0  (131.7) 


434  (63.0) 


44.7 


3 (1) 


1033  (149.8) 


478  (69.3) 


49.7 


3 (1) 


1107  (160.6) 


510  (74.0) 


38.0 


3 (1) 


62.24.1  (11/76) 


Specification: 

Form: 

Thickness,  cm  (in. 
Condition: 


Testing  Temperature.  K (F) 


Tension,  Longit ud inal 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Sto  Deviation 

TYS,  MN/rn2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  oi  Spec.  (No 

of  Hans) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats} 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No 

ol  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Efong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/rn2  (ksi) 

Avg 

Kt  * 

Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec.  (No,  of  Heats) 

References;  58060 

Avg  1249  (187.1)  1347  (195.4)  915.6  (204.2)  1542  (223.7)  1661  (240.9) 

Mm 

Avg  864.6  (125.4)  915.6  (132.8)  940.4  (136.4)  946.7  (137.3)  1017  (147,5) 


6.2.2-4.2(11/76) 


— — - — 1 

Inconel  X-750 

TABLE  6.2.2  J4E4.3 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  X 750  Nickel-Base  Alloy  (Weld  Metal) 

Testing  Temperature,  K (F) 

297 (75) 

195 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded.  Inconel  X-750  filler 
0.100  to  0.319  (0.040  to  0.125) 

Annealed  Sheet,  aged  20  hr  © 1300  F,  welded,  tested  at  welded 


Tension.  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No,  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10«  psi) 

Avg 

Mm 

Avg  825.3  (119.7)  928.0  (134.6)  988.7  (143.4)  1087  (157.7)  1220  (176.9) 

Min 

Avg  498  (72.3)  592  (85.9)  645  (93.5)  678  (98.3)  793.6  (115.1) 


No.  of  Spec.  (No.  of  Heats) 

Poisson'*  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kf  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No,  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10«  psi)  Avg 

Min 

No  of  Spec..  (No  of  Heats) 

Poisson's  Ratio 

Woik  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

K{  - Mm 

No.  of  Spec.  (No  of  Heats) 

References:  58060 


622 -4.3  (11/76) 


TABLE  6.22  ME4.4 


Inconel  X-750 
Sheet  Weld  Metal 


Alloy  Designation: 


Inconel  X-750  Nickel-Base  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded,  Inco  weld  69  filler  alloy 
0.100  to  0.319  (0.040  to  0.125) 

Vacuum  annealed  1325  K (1925  F ) 30  min  + rapid  FC  with  N£  gas;  heated  in  air  978  K (1300  F)  20  hr, 
AC,  after  welding,  then  tested 


Testing  Temperature,  K (F)  j 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1172 

(170.0) 

Mm 

1165 

(168.9) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg  | 

768.8 

(111.5) 

Mm 

768.1 

(111.4) 

Std.  Deviation 

Elong,  percent 

Avg 

14.0 

Min 

14.0 

RA,  percent 

Avg  ! 

Mm  i 

No  of  Spec.  (No  of  Heats) 

2 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

211 

(30.6) 

Mm 

205 

(29.7) 

No  of  Spec  (No.  of  Heats) 

2 

ID 

77  ( 320) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mtn 

No.  of  Spec.  (No  ol  Heats) 


NTS,  MN/m2  (ksi) 

Avg 

K,  «* 

Mm 

No.  of  Spec  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  * 

Min 

No  of  Spec.  (No  of  Heats) 

References:  87612 

1438  (208.5) 
1421  (206.1) 

850.8  (123.4) 
846.7  (122.8) 

19.4 

18.8 


214 

213 

2 


(1) 

(31.0) 

(30.9) 

(1) 


» » 


6.2.2 -4 .4  (11/76) 


Inconel  X-750 

TABLE  6-2.2A1E1G.5 

Bar-Weld  Metal 

Alloy  Designation: 

Inconel  X-750  Nickel-Base  Alloy  (Weld  Metla) 

Specification : 

Form: 

Thickness,  cm  fin.): 
Condition: 


Testing  Temperature.  K jF) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  fksi) 
Std.  Deviation 

Elong,  percent 


Bar  TIG  welded,  Inco  weld  69  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F),  1 hr,  AC,  weld,  tested  as  welded 


Avg  838.4  (121.6) 

Mm 


Avg  627  (91.0) 

Mm 


987.3  1143.2) 


717.1  (104.0) 


(-452) 


1003  (145.5) 
750.2  (106.81 


RA,  percent  / 

b 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (106  psi)  t 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  f 

Kt  = 10  N 

No.  of  Spec.  (No.  of  Heats) 


Avg  1098  (159.2) 

Min 


NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong.  percent  Avg 


1393  (202.0) 
1 


1475  (214.0) 


RA,  percent  Avg 

Mm 

No  of  Spec  (No,  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

* Mm 

No  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec  (No  of  Heats) 

References:  94208 


;;g  %< 


6.2.2  10.5  (11/76) 


Inconel  X-750 

TABLE  6.2.2-ME10.6 

Bar -Weld  Metal 

Alloy  Designation: 

Inconel  X-750  Nickel-Base  Alloy  (Weld  Metat) 

Specification: 

Form: 

Thickness.  cm  (in.): 
Condition: 


Testing  Temperature.  K (F) 


Tension.  Longitudinal 
TUS.  MN/m2  (ksi) 

Std.  Oevatfon 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Bar-TIG  welded,  Into  weld  69  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  age  1005  K (1350  F)  8 hr,  FC  to  994  K (1150  F),  8 hr, 
AC,  weld  and  tested  as  welded 


297  (75) 


Avg  840.4  (121.9) 

Mm 


Avg  649  (94.1) 

Mm 


968.7  (140.5) 


800.5  (116.1) 


(-452) 


992.9  (144.0) 
861.8  (125.0) 


RA,  percent  / 

N 

No  of  Spec,  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

b 

No  of  Spec,  (No.  ol  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  f 

Kt  - 10  N 

No.  of  Spec.  (No.  of  Heats) 


Avg  1172  (170.0)  | 

Mm 

1 ! 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  I No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (k$i)  Avg 

Kt  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec  (No.  of  Heats) 


1434  (208.0) 
1 


1485  (215.4) 
1 


6.2.2-10.6  (11/76) 


Alloy  Designation: 

Specification: 

Form: 

Thickness,  cm  (in.)- 
Condition: 


TABLE  6.2  2 ME10.7 

Inconel  X 750  Nickel  Base  Alloy  (Weld  Metal) 


Inconel  X 750 
Bar  Weld  Metal 


Bar,  TIG  welded,  tnco  weld  69  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  weld.  Solution  treated  weldment  1255  K (1800  F)  1 hr, 
AC,  age  1005  K (1350  F)  8 hr.  FC  to  994  K (1150  F)  8hr,  AC,  test 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TVS,  MN/m2  (ksi) 

Sid  Devotion 

Elong,  percent 


297 (75) 


Avg  1096  (159.0) 

Mm 


Avg  856.3  (124.3) 

Mm 


1109  (160.8! 


930.8  (135.0) 


1124  (163.0) 


958.4  (139.0) 


RA,  percent  / 

\ 

No  of  Spur  (No  of  Units) 

E,  GN/m2  (106  psi)  / 

h 

No  of  Spec  (No.  of  Heats) 

Poisson’s  Ratio 


Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Kt  = 10 

No.  of  Spec.  (No  of  Heats) 


Avg  1571  (227.8) 

Mm 

1 


1710  (248.0) 


1629  (236.2) 


NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

StcJ.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent 


No  of  Spec  (No  of  Heats) 

E,  GN/m2  (106  psi)  / 

No  of  Spec.  (No  of  Hems) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  f aats) 


References:  94208 


6.2  2 10.7(11/76) 


♦.  Os*’’ 


Inconel  X-750 

TABLE  6.2.2-ME10.8 

Bar-Weld  Metal 

Alloy  Designation: 

Inconel  X-750  N.ckel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


Bar,  Vac.  E 3.  Weld,  no  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  weld,  tested  as  welded 


TUS,  MN/m*  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m*  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

E,  GN/m*  (10®  psi) 

Avg 

Mm 

No  ol  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Warder  ing  Coef 

NTS,  MN/m*  (ksi) 

Avg 

K,  = 10 

Min 

No  ol  Spec.  (No.  of  Heats) 

NTS,  MN/m*  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m*  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m*  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No 

ol  Heats) 

E,  GN/m*  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m*  (ksi) 

Avg 

Kt« 

Mm 

948.0  (137.5) 


677  (98.2) 


(-452) 


966.0  (140.1) 
730.8  (106.0) 


1227  (178.0) 
1 


1337  (193.9) 


No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec  (No  ol  Heats) 

References:  94208 


6.2.2  10.8  (11/76) 


Alloy  Designation  : 


Specification: 

Form: 

Thickness,  cm  (in.] 
Condition: 


TABLE  6.2.2-ME10.9 

inconel  X 750  Nickel  Base  Alloy  [Weld  Metal) 


Inconel  X-750 
Bar  Weld  Metal 


Bar,  Vac.  E.  B.  Weld,  no  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  weld,  solution  treated  weldment  1255  K (1800  F)  1 hr, 
AC,  age  1005  K (1350  F)  8 hr,  FC  to  994  K (1150  f I 8 hr,  AC,  tested 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS.  MN/m2  (ksi) 

Avg 

Min 

1089  (157.9) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

841.9  (122.1) 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

10.0 

RA,  percent 

Avg 

Mm 

10.3 

No  of  Spec.  (No. 

of  Heats) 

1 

E,  GN/m2  (10®  psi) 

Avg 

Min 

77  1320) 


1082  (156.9) 


903.2  (131.0) 


No,  ol  Spec.  (No.  of  Heals) 

I 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1496  (217.0) 

Kt  = 10  Mm 

No  of  Spec.  (No.  of  Heats)  1 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


163.3  (236.9) 
1 


(-452) 


1062  (154.1) 
913.6  (132.5) 


1684  (244.2) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No  of  Heats) 

References:  94208 


:a'>  ;•< 


6.2.2  10.9(11/76) 


Stress  Intensity  Factor  Range,  AK,  ksi  /in 


FIGURE  6.2.2  ME5.  FATtGUE  CRACK  GROWTH  RATES  OF  1NCC.EL  X-750(94208G) 


6.2.2  14.3  U1/75J 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


Stress  Intensity  Factor  Range,  AK,  ksi  vAn 


8 10 


60  / 80  100 


O □ Room  Temperature 

• □ 77K  (-320  F) 

Sheet  Thickness 

• O 0.10  cm  (0.09  in.) 

■ □ 0.33  cm  (0.13  in.) 


4.4  6.6  8.8  II  22  44 

Stress  Intensity  Factor  Range,  AK,  MN/m3/2 


88  no 


FIGURE  6.2.2-ME6.  FATIGUE  CRACK  GROWTH  RATE  OF  INCONEL  X 750  NICKEL-BASE 
ALLOY  SHEET  [Annealed  in  vacuum,  1325  K (1925  F)  30  min  + rapid 
furnace  quenched  with  N 2 gas;  heated  in  air  at  978  K (1 300  F ) 20  hours, 
^ aircooled]  (876121 


6.2.2-14.3.1  (11/76) 


do/d/SI,  mm/cycle 


INCONEL  X-750 


Stress  Intensity  Factor  Range,  AK,  ksi/irT 


8 10 


60  80  100 


1 


O □ Room  Temperature 

• ■ 77  K (-320  F) 

Plate  Thickness 

• O 0.10  cm  (0.04  in.) 
■ □ 0.33  cm  (0.13  in.) 


rrj 


4.4  6.6  8.8  II  22  44 

Stress  Intensity  Factor  Range,  AK,  MN/m3/2 


88  110 


FIGURE  6.2.2-ME7.  FATIGUE  CRACK  GROWTH  RATE  OF  INCONEL  X-750  NICKEL-BASE 
ALLOY  SHEET  TIG  WELDED  USING  INCO  WELD  69  FILLER  (Weld 
specimens  annealed  in  vacuum  1325  K (1925  F)  30  min  + rapid  furnace 
quenched  with  Nj  gas;  heated  in  air  at  978  K (1300  F)  20  hours,  air  cooled 
prior  to  testing]  [87612] 

6.2.2-14.3.2(11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  inch/cycle 


«5 


Inconet  X-750 


TABLE  6.2.2  TR1 


Alloy  Designation:  Inconel  X 750  Nickel  Alloy 


Sf^cification: 

Form: 

Dimension: 

Condition:  Solution  Treated  and  Double  Aged 


Testing  Temperature  K (F) 

273  <32) 

100  (-280) 

50  ( 370) 

20  (423) 

10  (442) 

n q 

Thermal  Conductivity 

Watts  m'^  K‘^ 

11.4 

9.27 

7.51 

3.62 

1.61 

Btu  hr1  ft1  F*1 

(6.59) 

(5.36) 

(4.34) 

(2.09) 

(0.93) 

Watts  m1  K'1<a> 

11.4 

9.27 

7.66 

3.93 

1.81 

Btu  hr’1  ft'1 

(6.59) 

(5.36) 

(4.43) 

(2.27) 

(1.05) 

No.  of  Spec. 

2 

2 

2 

2 

2 

References:  94206,94208 

Thermal  Expansion  (T?73  to  T) 

Longitudinal 

Percent 

0 

0.186 

0.212 

-0.220 

-0.222 

No.  of  Spec. 

1 

1 

1 

1 

1 

References:  95168 

Specific  Heat 

440 

230 

91* 

7.10 

2.73 

1.09 

Btu  lb'1  F'1 

(0.105) 

(5.50  x 10  ^ 

i (2.17  x 10  2) 

(1.70  x 10  3) 

(6.52  x 10-4) 

<2.61  x 10  4 

No.  of  Spec. 

4 

4 

0 

4 

4 

4 

References:  95168 

Electrical  Resistivity 

Ohm  m 

122.6  x 10-8 

1 18.8  x 10  8 

117.3  x 10^ 

117.1  x 10  s 

117.4x10  8 

Ohm  circular  mil  ft  ^ 

(737) 

(715) 

(706) 

(704) 

(706) 

Ohm  m^a) 

126.7  x 10  8 

124.4  x 10-8 

123.9  x IQ-8 

123.8  x 10-8 

124.0  x 10-8 

Ohm  circular  mil  ft 

(762) 

(748) 

(745) 

(745) 

(746) 

No.  of  Spec. 

2 

2 

2 

2 

2 

References:  94206,94208 

(a)  Solution  treated. 

* Extrapolated. 


6.2.2  14.4  11 1/761 


Thermal  Conductivity,  watts  m 


Specific  Heat,  Joules  kg 


FIGURE  6.2.2  SI.  SPECIFIC  HEAT  VERSUS  TEMPERATURE  FOR  INCONEL  X-750  NICKEL- 
BASE  ALLOY 

6.2.2-16(11/76)  ;/7  •;<• 


Specific  Heat,  Btu  lb'1  F"1 


Magnetic  Moment , M (emu) 


TABLE  6.2.2-MA1 


X-750 

Rod 


Alloy  Designation:  Inconel  X-750  N07750 

Specification:  IN  X-750  ST 


Form: 

Dimension,  cm(in.}: 
Condition: 

Curie  temperature: 
Peak  induction,  Bs: 


Rod 

Not  given 

ST:  Heated  at  1800  F (1255  K)  for  1 hr.  and  air  cooled 
-130K  (-225  F) 

0.1433T  (tesla) 


Applied  Magnetic  Field  , tesla 


1.3  2.6  3.9  5.2  6.5 


MAGNETIC  MOMENT  AS  A FUNCTION 
OF  THE  EXTERNAL  FIELD  AT  LOW 
LOW  TEMPERATURES 


I 


Reference:  94206 


6.2. 2-16.2  (11/75) 


TABLE  6.2.2-MA2 


X-750 

Rod 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm(in.): 

Condition: 

Curie  temperature: 

Peak  induction,  Bs, 
at  4.2  K: 


Inconel  X-750  N07750 

IN  X-750  ST  DA 

Rod 

Not  given 

STDA:  solution  treated,  double  aged,  strained 
-130K  (-225  F) 

0.1477T  (tesla) (strained) 


Applied  Magnetic  Field,  H(kOe) 


MAGNETIC  MOMENT  AS  A FUNCTION  OF  THE 
EXTERNAL  FIELD 


MAGNETIC  MOMENT  AS  A FUNCTION  OF 
THE  EXTERNAL  FIELD 


Reference:  94206 


Applied  Magnetic  Field,  tesla 
1.3  2.6  3.9  5.2  6.5 


• > 4 O 


6.2.2-16.3  (11/75) 


TABLE  6.2.2  M A3 


X-750 

Rod 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm(in.): 

Condition: 

Curie  temperature: 

Peak  induction,  Bs, 
at  412  K: 


Inconel  X-750  N07750 

IN  X-750  ST  DA 

Rod 

Not  given 

STDA:  solution  treated,  double  aged,  unstrained 
-130K  {-255  F) 

0.1552T  (tesla) 


Applied  Magnetic  Field,  H(kOe) 


MAGNETIC  MOMENT  AS  A FUNCTION 
OF  THE  EXTERNAL  FIELD 


Applied  Magnetic  Field, tesla 


1.3  2.6  3.9  5.2  6.5 


6.2.2  16.4  (11/75) 


Temperature, 


FIGURE  6.2.2-MA1.  MAGNETIC  MOMENT  (EXTRAPOLATED)  AS  A FUNCTION  OF  TEMPERATURE 


Inconel  718 
Sheet 


TABLE  6.2.3-ME1 


Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 


Specif  icat  ion : AMS5662B 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  cm  (0.039  in.) 

Condition:  Annealed,  aged  992  K (1325  F)  8 hr,  FC,  11  K (20  F)  1 hr  to 

held  at  895  K (1150  F)  for  total  aging  time  of  18  hr,  AC 


Testing  Temperature,  K (F)  I 297  (75)  I 195  (-108) 


Tension,  Longitudinal 


895  K (1150  F) 


20 


EE2II 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

1910  (277) 


1420  (206) 


8 (3) 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  = 6.3 

No.  of  Spec.  (No.  of  Heats) 


A vo  1407  (204)  1524  (221)  1593  (231) 

Min 

8 (3)  3 (II  8 (3) 


1855  (269) 

8 (3) 


NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No.  of  Spec,  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

1855  (269) 


1376  (200) 


6 (2) 


No,  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  - 6.3  fi 

No.  of  Spec.  (No.  of  Heats) 


Avg  1400  (203) 

Min 

6 (2) 


1538  (223)  1579  ( 229) 


1820  (264) 

6 |2) 


NTS.  MN/m2  (ksi)  Avg 

K{  - Mm 

No  of  Spec.  (No  o<  Heats) 

References:  59345,  66177 


6.2.31  (11/76) 


Alloy  Designation: 

TABLE  67.3-ME1.1 
Inconel  718  Nrckel  Base  Alloy 

Inconel  718 
Sheet 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in,): 

Up  to  C 099  (0.039) 

Condition: 

Annealed  1260  K (1810  FJ  6 min 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


29?  (75) 


TUS,  MN/m2  (ksi) 

Avg 

896 

(130) 

Std  Deviation 

Mm 

889 

(129) 

TYS.  MN/m2  (ksi) 

Avg 

411 

(59.6) 

Std.  Deviation 

Min 

407 

(59.1) 

20 

(-423) 

1241 

(180) 

1351 

(196) 

1241 

(180) 

1324 

(192) 

610 

(88.4) 

687 

(99.7) 

607 

(88.0) 

685 

(99.9) 

Elong,  percent 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  INo.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  752  (109) 

Kt=  6.3  Min  738  (107) 

No.  of  Spec.  (No.  of  Heats)  2 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

$td.  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  883  (128) 

Min  876  (127) 


Avg  397  (57.6) 

Mm  391  (56.7) 


993  (144)  1089  (158) 

972  (141)  1069  (155) 

2 (1)  3 (II 


1096  (T59) 
1096  (159) 


RA,  percent  Avg 

Min 

Nc  of  Spec.  (No.  of  Heats)  2 (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  752  (109) 

K(  * 6.3  Mm  752  (109) 

No  of  Spec  (No.  of  Heats)  2 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References.  59345 


67.3-1.1  (11/76) 


Inconel  718 

TABLE 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickef-Baee  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thick ne*,  cm  (in.): 
Condition: 


Shset-TIG  welded,  no  filter 
Up  to  0.099  (0.038) 

Annealed  Sheet  welded.  aged<«>,  end  tasted  as  aged 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Sta.  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Ekmg,  percent 


297(76) 


Avg  1240  (179.8) 

Min  1193  (173.0) 


Avg  1080  (166.6) 
Min  1041  (151.0) 


1661  (226.0) 
1482  (205.0) 


1309  (189.8) 
1262  (183.0) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  Avg 

Kt  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  M?''-*2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Ra  far  meet:  66577 

(a)  Aging  treatment:  990  K (1325  F)  4 hr,  FC  to  895  K (1160  F)  4 hr,  AC 

8.2.3-1 2 (11/76) 


TABLE  6.2.3* El. 3 

Inconel  718 
Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded,  no  filler 
Up  to  0.099  (0.039) 

Annealed  sheet,  welded,  aged!®*,  and  tested  as  aged 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1273  (184.6) 

Min 

1220  (177.0) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1109  (180.9) 

Min 

1048  1 152.0) 

Std.  Deviation 

Elong,  percent 

Avg 

3.8 

Min 

3.0 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

6 (2) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransvarse 

TUS,  MN/m2  (ksi)  / 

h 

Std.  Deviation 

TYS,  MN/m2  (ksi)  / 

N 

Std.  Deviation 

Elong,  percent  t 


1640  (237.9) 
1610  (233.5) 


1420  (206.0) 
1379  (200.0) 


RA,  percent  Avg 

Min 

No,  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (io6psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K{  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  66577 

(a)  Aging  treatment:  1006  K (1350  F)  8 hr,  FC  to  922  K (1200  F)  10  hr,  AC 

6.2.31.3(11/78) 


Inconel  718 

TABLE  6.2.3.ME1.4 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded,  no  filler 
Up  to  0.098  10.039) 

Annealed  sheet,  welded,  agadM,  and  tMtad  at  aged 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1291 

(187.3) 

Min 

1213 

(176.0) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1094 

(158.6) 

Mm 

1007 

(146.0) 

Std.  Deviation 

Elong,  percent 

Avg 

4.8 

Mm 

3.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No 

of  Heats) 

5 

(2) 

E,  GN/m2  (10®  psl)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Wo*  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


1667  (240.3) 
1617  (234.5) 


1332  (193.2) 
1276  (185.0) 


3 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

* Min 

Nc,  of  Spec  (No.  of  Heats) 

NT:}.  MN/m2  (ksi)  Avg 

» Min 

I k>.  of  Spec.  (No.  of  Heats) 

Rc.arences:  66577 

(a)  Aging  treatment:  1034  K (1400  F)  10  hr,  FC  to  922  K (1200  F)  10  hr,  AC 

6.2.3-1.4(11/76) 


Alloy  Designation. 

Specification; 

Form: 

Thickness.  cm  (in.): 
Condition: 


TABLE  6.2.3-ME  1.5 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 


Sheet-TIG  welded,  no  filler 
Up  to  0.099  (0.039) 

An  nee  led  sheet,  aged*8',  welded,  tested  as  welded 


Inconel  7 IB 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  896.3  (130.0) 

Mm  892.8  (129.5) 


Avg  599  (86.9) 

Mm  595  (86.3) 


1156  (167.7)  1294  (187.7) 
1146  (166.2)  1275  (184.9) 

783.2  (113.6)  923 2 (133.9) 
779.8  (113.1)  894.9  (129.8) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg  687  (99.7) 

Kt  = 6.3  Min  677  (98.3) 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

NTS.  MN/m2  (*«)  Avg 

Kt  - Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


890.1  (129.1)  977.7  (141.8) 

841.2  (122.0)  997.3  (137.4) 

3 (1)  3 (1) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No,  of  Spec,  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

#,  . , References:  59345 

(a)  Aging  treatment:  990  K (1325  F)  8 hr,  FC  to  895  K (1150  F)  10  hr,  AC 

6.2.31.5(11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thick  new,  cm  (in.): 
Condition: 


TABLE  6.2.3-MEV6 

Inconel  718  NickelBa*  Alloy  (Wald  Metal) 


Sheet-TIG  welded,  no  filler 
Up  to  0.099  (0.039) 

Annealed  sheat,  *ged<*>.  welded,  weldment  aged<*),  and  tarred  u aged 


Inconel  718 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 

297  (75) 

— 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

1314 

(190.6)  ! 

Std.  Deviation 

Min 

1302 

(188.8)  . 

TYS,  MN/m2  (ksi) 

Avg 

1151 

(166.9) 

Std.  Deviation 

Mm 

1140 

(165.4) 

Elong,  percent 

Avg 

4.8 

Min 

4.5 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

E,  GN/m2  (10®  p*j)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Woric  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1196  (173.5) 

Kt=  6.3  Min  1131  (164.0) 

No.  of  Spec.  (No,  of  Heats)  3 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


20  (423) 


1668  (225.9)  1729  (260.7) 
1534  (222.5)  1664  ( 241.4) 

1290  (187.1)  1413  (204.9) 
1273  (184.7)  1395  (202.3) 


1321  (191.6)  1441  (209.0) 
1252  (181.6)  1418  (205.7) 
3 (1)  3 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  [No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  59345 

(a)  Aging  treatment  before  and  after  welding:  990  K (1325  F)  8 hr,  FC  to  895  k (1150  F)  10  hr,  AC 

6.2^-1.6(11/76) 


Inconel  718 

TABLE  6J2.3-ME1.7 

Sheet 

Alloy  Designation: 

Inconel  718  Nickel  Bate  Alloy 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

20%  cold  worked 

Tasting  Temperature,  K <FJ 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi}  / 

It 

Std  Deviation 

TYS,  MN/m2  (ksi)  > 

Std.  Deviation 

Eking,  percent  t 

H 

RA,  percent  / 

it 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

ft 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg  1069  (155) 

Mm  1055  (153) 


Avg  917  (133) 

Min  917  (133) 


NTS,  MN/m2  (ksJ) 

Kt  * 6.3 

No,  of  Spec.  (No.  of  Heats) 


Avg  1117  (162) 

Min  1117  (162) 
I 2 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Eking,  percent 


Avg  1055  (153) 

Min  1055  (153) 


Avg  841  (122) 

Min  834  (121) 


77 

(-320) 

20 

(-423) 

— 

1407 

(204) 

1558 

(226) 

1393 

(202) 

1551 

(225) 

1124 

(163) 

1227 

(178) 

1096 

(159) 

1213 

(176) 

32.0 

36.2 

32.0 

36.0 

2 

(1)  1 

1420  (206)  1538  (223) 

1420  (206)  1524  (221) 

2 (1)  3 (1) 


1538  (223) 
1531  (222) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  2 (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats ) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1103  (160) 

Kt  - 6.3  Min  1082  (157) 

No  of  Spec.  (No.  of  Heats)  2 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  59345 


6.2.3-17  (11/76) 


TABLE  B-2.3-ME1.8 


Inconel  718 
Sheet 


Alloy  Designation: 


liunnel  718  Nickel-Baee  Alloy 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

20%  cold  worked  and  aged  950  K (1250  F)  8 hr,  FC  to  894  K (1150  F)  10  hr,  AC 

Testing  Temperature,  K (F) 

297  (75)  \ 

1 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1400  (203) 

Min 

1393  (202) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1310  (190) 

Min 

1310  (190) 

Std.  Deviation 

Eking,  percent 

Avg 

1235 

Min 

12.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

2 (1) 

E,  GN/m2  (10®  psi) 

Avg 

206  (29.9) 

Min 

205  (29.7) 

No.  of  Spec.  (No.  of  Heats) 

2 (D 

Poisson's  Ratio 

Worts  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  - 6.3 

No.  of  Spec.  (No.  of  Heats) 


Avg  1552  (225) 

Min  1538  (223) 

2 (1) 


NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Eking,  percent 


Avg  1372  (199) 

Min  1365  (198) 


Avg  1241  (180) 

Min  1227  (178) 


1848  (268)  2075  (301) 

1848  (268)  2062  (299) 


1544  (224)  1710  (248) 

1538  (223)  1703  (247) 


1931  (280)  2034  (295) 

1924  (279)  1979  ( 287) 

2 (1)  2 (D 


RA,  percent  (■ 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  f 

N 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  - 6.3  * 

No.  of  Spec.  (No.  of  Heats) 


Avg  1524  (221) 

Min  1510  (219) 

2 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  59345 


6.2.3-1.8  (11/78) 


::sh 


TABLE  tf.2.3-ME1.9 


Inconel  718 
Sheet-Weld  Metal 


Alloy  Desiyiation; Inconel  718  Nickel-Baee  Alloy  (VWd  Metal) 

Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  20%  cold  worked  sheet.  aged(*),  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 

297  (751 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

905.9  (IS  .4) 

Mm 

901.8  (130.8) 

Std  Deviation 

TYS,  WN/m2  (ksi) 

Avg 

601  (87.1) 

Mm 

594  (86.1) 

Std  Deviation 

Eiong,  percent 

Avg 

4.2 

Min 

4.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

3 (1) 

E.  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

732.2  (106.2) 

Kt  =*  6.3 

Min 

692.2  (100.4) 

No.  of  Spec.  (No. 

of  Heats) 

3 (1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec,  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Eiong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No,  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson’s  Ratio 

Wort*  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

77 


1183 

1174 


mot 


20 


(171.6)  1311 
(170.3)  1302 


(-423) 


(190.1) 

(1889) 


786.0  (114.0)  901.8  (130.8) 
775.7  (tl2.6)  893.0  (129.6) 


3.8  2.8 

3.5  2.5 


3 (1)  3 


(1) 


901.1  (130.7) 

868.1  (125.9) 

3 (1) 


1007  (146.0) 

976.3  (141.6) 
3 (1) 


References:  59345 

Ca)  Aging  treatment:  950  K (1250  F)  8 hr,  FC  to  895  K (1150  F)  10  hr,  AC 

6.2.3-1.9(11/76) 


Inoonel  718 

TABLE  6J2.3-i4E1.10 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

20%  cold  worked  sheet.  aged^,  welded,  weldment  agadt*>,  and  tested  as  aged 

Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1336  (103.8) 

Min 

1311  (190.1) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1196  (173.4) 

Min 

1183  (171.6) 

Std  Deviation 

Elong,  percent 

Avg 

2.2 

Min 

2.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Av.j 

1254  (181.9) 

Kt  =*  6.3 

Min 

1180  (171.1] 

No.  of  Spec.  (No.  of  Heats) 

3 (1) 

1644  (238.4)  1725  (2B0.2) 
1631  (236.5)  1689  (244.9) 

WO  (198.7)  1447  (209.9) 
1340  (194.4)  1397  (202.6) 


1370  (198.7)  1440  (203.1) 
1293  (187.6)  1396  (202.4) 
3 (1)  3 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Etong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  59345 

(a)  Aging  treatment  before  and  after  welding:  950  K (1250  F)  8 hr,  FC  to  895  K (1150  F)  10  hr,  AC 

6.2.3-1.10  (11/76) 


Inconel  718 

TABLE  6.2.3-MEJ.  11 

Sheet 

Alloy  Designation: 

Inconel  718  NickelBaae  Alloy 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

30%  cold  rolled  and  eged 

Testing  Temperature,  K (F) 

297  (75) 

195 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1586 

(230) 

1717 

(249) 

Min 

1572 

(228) 

1703 

(247) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1503 

(218) 

1586 

(230) 

Mm 

1496 

(217) 

1558 

(226) 

Std.  Deviation 

Elong,  percent 

Avg 

7.1 

10.9 

Min 

6.5 

10.5 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

5 

(1) 

5 

(1) 

E,  GN/m2  (1Q6  pSi) 

Avg 

209 

(30.3) 

210 

(30.5) 

Mm 

206 

(29.9) 

204 

(29.6) 

No.  of  Spec.  (No.  of  Heats) 

5 

(1) 

5 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1710 

(248) 

1841 

(267) 

Kt  = 6.3 

Min 

1696 

(246) 

1827 

(265) 

No.  of  Spec.  (No.  of  Heats) 

5 

(1) 

5 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

1482 

(215) 

1455 

(211) 

K,  = 19 

Mm 

1448 

(210) 

1393 

(202) 

No  of  Spec.  (No.  of  Heats) 

5 

(1) 

5 

(1) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi) 

Avg 

1538 

(223) 

1669 

(242) 

Min 

1531 

(222) 

1662 

(241) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1420 

(206) 

1503 

(218) 

Min 

1407 

(204) 

1475 

(214) 

Std.  Deviation 

Elong,  percent 

Avg 

7.0 

8.4 

Min 

6.5 

8.0 

No.  of  Spec.  (No.  of  Heats 

Min 

) 

5 

(1) 

5 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

209 

(30.3) 

210 

Mm 

207 

(30:0) 

202 

(29.3) 

No.  of  Spec.  (No.  of  Heats. 

Poisson's  Ratio 

1 

5 

(1) 

5 

(1) 

Work  Hardening  Coef 
NTS.  MN/m2  (ksi) 

Avg 

1710 

(248) 

1806 

(262) 

Kt  - 6.3 

Min 

1675 

(243) 

1800 

(261) 

No.  of  Spec  (No.  of  Heats. 

1 

5 

(1) 

5 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

1455 

(211) 

1358 

(197) 

Kt  * 19 

Mm 

140? 

(204) 

1303 

(189) 

No  of  Spec.  (No.  of  Heats. 

1 

5 

(1) 

5 

(t) 

6.2.: 

3 1.11  | 

2013 

(292) 

1993 

289) 

1786 

259) 

1779 

258) 

15. 

15.0 

5 

(1) 

221 

(32.0) 

216 

(31.3) 

5 

(1) 

2013 

(292) 

1965 

285) 

5 

(1) 

1579 

229) 

1531 

222) 

5 

(1) 

1882 

(273) 

1848 

(268) 

1641 

(238) 

1613 

(234) 

13.3 

11.5 

5 (1) 

219  (31.7) 

217  (31.4) 

5 (1) 

1965 

[285) 

1931 

(280) 

m 

(1) 

2130 

2089 

(309) 

(303) 

1855 

1841 

(764) 

(267) 

14.6 

11.5 

5 

(1) 

223 

(32.4) 

221  (32.0) 

Alloy  Designation: 


Specification : 

Form: 

Thickness,  cm  (in.J: 
Condition: 


TABLE  S.2.3-ME1.12 
Inconel  718  Nickei-Baee  Alloy  (Weld  Metal) 


Shaet-TIG  welded,  no  filler 
Up  to  0.099  (0.039) 

30%  cold  rolled  and  aged,  sheet  welded  and  tasted  at  welded 


Inconel  718 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m*  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  779  (113)  993  (144) 

Min  738  (107)  951  (138) 


320-120 


1172  (170)  1062  (154) 
1131  (164)  951  (138) 


RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m^  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  R«io 

Work  Hardening  Coef 

NTS,  MN/m2  (k$«)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS.  MN/nt2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 
Elong,  percent 


Avg  772  (112)  896  (130) 

Min  729  (105)  827  (120) 


1000  (145)  1007  (146) 

979  (142)  958  (139) 


RA,  percent  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

Poisson'-,  !\«tio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

ftafaranon.  50578 


6.2.31.12(11/76) 


Inconel  718 

TABLE  6.2.3-ME1. 13 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

30%  cold  rolled  and  aged  sheet,  welded,  aged  and  tested  as  aged 

Totting  Temperature,  K (F) 


Tention,  Longitudinal 


TUS.  MN/m2  (k*i) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti) 

No.  of  Spec.  (No.  of  Heats) 

Poisson'*  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 


TUS,  MN/m2  (ksi) 
Std.  Deviation 
TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297  (75) 


20  (-423) 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

*t- 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt 

No  of  Spec.  (No.  of  Heats) 

References:  60578 


TABLE  6.2.3-ME2 


Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 


Specification:  AMS-5596C 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Annealed,  aged  1034  K (1400  F)  10  hr,  FC,  920  K (1200  F)  10  hr,  AC 


Testing  Temperature,  K (F) 

297 

(75) 

77 

(-320) 

20  (423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1330 

(193) 

1634 

(237) 

1825  (265) 

Min 

1269 

(18-1) 

1448 

(210) 

1772  (267) 

Std  Deviation 

42.0 

(6.10) 

110 

(16) 

TYC,  MN/m2  (ksi) 

Avg 

1096 

(159)  : 

1282 

(186) 

1422  (206) 

Mm 

979 

(142) 

1148 

(166) 

1386  (201) 

Std  Deviation 

74.5 

(10.8) 

98.6 

(14.31 

Elong,  percent 

Avg 

19.2 

17.7 

15.7 

Mm 

17 

13 

13 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats! 

8 

(2) 

9 

(2) 

6 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  66577,  83417 


6.2.3-2  (11/74) 


Inconel  718 
Sheet 


TABLE  6.2.3  ME5 


Alloy  D Migration:  Inconel  718  Nickel-Base  Alloy 


N07718 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


AMS-5596  C 
Sheet 

0.100  to  0.319  (0.040  - 0.126} 

Annealed  1340  K (1960  F),  AC,  aged  1034  K (1400  F)  10  hr,  FC,  920  K (1200  F}  10  hr,  AC 


Testing  Temperature,  K (F) 

297  (76) 

77 

(-320) 

20  (423) 

Fatigue,  Flexural  Loading,  Surface  F 

nish  64  rim 

Sfj  at  105  cycle*,  MN/m2(ksi) 

607  (88) 

662 

(96) 

807  (117) 

Loading  frequency  30-40  Hi 

with  R * -1  and  Kt  “ 1 

No.  of  S-N  Curves  (No.  of  Heats) 

1 (1) 

I 

(11 

I (ti 

Ratio  Sig/TUSat  10^  cycles 

0.46 

0.40 

0.45 

Sn  at  10®  cycles,  MN/m2(ksi) 

400  (68) 

455 

(66) 

524  (7F 

Loading  frequency  30  40 Hz 

with  R ”-1  and  K,*  1 

No  of  S-N  Curves  (No  of  Heats) 

1 (1) 

1 

(1) 

1 (D 

Ratio  S|g/TUS  at  10®  cycles 

0.30 

0.27 

0.29 

Sfyj  at  107  cycles,  MN/m2(ksi) 

324  (47) 

427 

(62) 

Loading  frequency  30-40  Hz 

with  R = *1  and  Kj  “ 1 

No  of  S-N  Curves  (No.  of  Heats! 

1 (1) 

1 

(1) 

Ratio  Sjq/TUS  at  107  cycles 

0.24 

0.26 

Fatigue,  Flexural  Loading,  Surface  F 

inish  11  rms 

Sn  at  10®  cy-les,  MN/m2<ksi) 

717  (104) 

800 

(116) 

1020  (148) 

Loading  frequ-.sicy  30-40  Hz 

with  R =-1  and  Kt=  1 

No  of  S-N  Curves  (No.  of  Heats) 

1 (D 

1 

(1) 

1 (?) 

Ratio  Sn/TUS  at  105  cyclM 

0.52 

0.46 

0.55 

S(g  at  10®  cycles,  MN/m2(ksi) 

496  (72) 

579 

(84) 

703  (102) 

Loading  frequency  30-40Hz 

with  R =-1  and  = 1 

No.  of  S-N  Curves  (No.  of  Heats) 

1 (D 

1 

0) 

1 (1) 

Ratio  Sf>j/TUS  at  10®  cycles 

0.36 

0.33 

0.38 

Sfg  at  107  cycles,  MN/m2(ksi) 

434  (63) 

476 

(69) 

Loading  frequency  30-40  Hz 

with  R •*  - 1 and  Kj  * 1 

No.  of  S-N  Curves  (No.  of  Heats) 

I (1) 

1 

(T> 

Ratio  Sn/TUS  at  IQ7  cycles 

0.32 

0.27 

References:  83417 


6.2.3-5  (11/74) 


Inconel  718 

TABLE  6.2.3-ME5.1  Shwt 

Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 

Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  C.100  to  0.319  {0.040  to  0.126) 

Condition:  Annealed  {solution  treated) 


Testing  Temperature,  K (F) 

297(75) 

E1HE531 

20 

RSI 

Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Avg 

880.5  (127.7) 

1222  (177.2) 

1300 

(188.5) 

Min 

833.6  (120.9) 

1151  (166.9) 

1294 

(187.7) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

549  (79.6) 

745.3  (108.1) 

722.6 

(104.8) 

Min 

516  (74.8) 

681  (98.8) 

687 

(99.6) 

Std.  Deviation 

Eiong,  percent 

Avg 

41.8 

51.3 

560 

Min 

37.0 

43.0 

52.5 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

6 (2) 

6 (2) 

3 

(1) 

E,  GN/m2  {10®  psi) 

Avg 

203  (29.5) 

211  (30.6) 

211 

(30.6) 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 (1) 

3 (1) 

3 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  {ksi) 

Avg 

828.8  {120.2] 

1105  (180.3) 

1207 

(175.1) 

Kt  - 3.5 

Min 

828.1  <120.1] 

1104  (160.1) 

1200 

(174.0) 

No.  of  Spec.  (No.  of  Heats) 

3 (1) 

3 (1) 

3 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

914.2  (132.6) 

1242  (180.2) 

Min 

908.0  (131.7) 

1223  (177.4) 

Std.  Deviatior 

TVS,  MN/m2  (ksi) 

Avg 

590  (85.6) 

775.0  (112.4) 

Min 

584  (84.7) 

770.8  (111.8) 

Std.  Deviation 

Elong,  percent 

Avg 

39.0 

47.8 

Min 

38.0 

44.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 (1) 

3 (1) 

E,  GN/m2  {10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisaon't  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  {ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

Reference*:  61996. 69021 

[}■'?<  6.2J-5.1  (11/76) 


. 1— * - ' L-A..: 


Inconel  718 

TABLE  6.2.344E5.2 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet  TIG  welded,  718  Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 

Solution  treated  sheet,  TIG  welded  and  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297 (75) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Eiong,  percent 

Avg 

Min 

RA,  percent 

f i 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

77  (-320)  1 20  (-423) 


1113  (161.4)  1228  (178.1) 
1077  (156.2)  1202  (174.4) 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  " Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =»  Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Eiong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


6.2.3-5.2(11/76) 


■ 


inconel  718 

TABLE  6J2.3-ME5.3 

Sheet 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed  1283  K (1850  F),  aged  1076  K (1360  F) 

Testing  Temperature,  K 1FJ 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

1388  (201.3) 

Mm 

1386  (201.0) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1218  (176.6) 

Min 

1213  (176.0) 

Std.  Deviation 

Elong,  percent 

Avg 

19.3 

Min 

18.5 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

3 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec  (Mo.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/n2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m^  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kf  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  - Mm 

No.  of  Spec.  (No.  of  Heats) 


1*40  (2*1.3) 
1935  (280.7) 


1460  (211.7) 
1454  (210.9) 


6.2.3-5.3(11776) 


Inconel  718 

TABLE  6.2.3-ME5.4 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickt’-Bese  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet-TIG  welded,  718-Alloy  filler 
0.100  to  0.319  (0.040  to  0.125) 

Sheet  annealed  at  1283  K (1850  F),  aged  at  1075  K (1360  F),  welded,  end  tatted  at  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m*  (ksi) 

Avg 

1411  (204.7) 

Mm 

1407  (204.0) 

Std.  Deviation 

TYS.  MN/m*  (ksi) 

Avg 

1241  (180.0) 

Min 

1234  (179.0) 

Std.  Deviation 

Elong,  percent 

Avg 

9.3 

Min 

8.0 

RA,  percent 

Avg 

No  of  Spec.  (No. 

Min 

of  Heats) 

3 (1) 

E,  GN/m*  (10®  p$i) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m*  (ksi) 

Avg 

Kl- 

Min 

No.  of  Spec.  (No 

of  Heats) 

NTS.  MN/m*  (ksi) 

Avg 

*t  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m*  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m*  <10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poiseon'i  Ratio 

Work  Hardening  Coef 

NTS,  MN/m*  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m*  (ksi)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  78611 


1794  (260.2) 
1784  (258.7) 


1517  (220.0) 
1483  (215.1) 


6.2.3-5.4(11/76) 


Inconel  718 

TABLE  6.2.3-ME5.5 

Sheet-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form:  ! 

Thickness,  cm  (in.):  • 

Condition:  ! 

i 


Testing  Temperature,  K <F) 


Ten  Poo,  Longitudinal 


Sheet  TIG  welded,  718  Alloy  filler 
0.100  to  0.310  (0.040  to  0.125) 

Sheet  annealed  1225  K (1752  F)  1 hr,  AC;  aged  992  K (1325  F)  8 hr,  FC  to  895  K (1150  F)  8 hr,  AC; 
welded,  and  tested  as  welded 


297  (75) 


TUS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA.  percent 

Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (k*i)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Eking,  percent  Avg 


77  (-320)  20  (-423) 


1060  (152)  869  (126) 

807  (117)  493  (71.5) 


211  (30.6)  194  (28.2} 


RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  89800 


6.2.3-65(11/76) 


TABLE  6.2.3  ME6 


Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 


Specification:  AMS-6597A 

Form:  Plate 

Thickness,  cm  (in.):  0.635  to  1.269  (0.250  to  0.499) 

Condition:  Annealed  1340  (1950  F)  1 hr,  AC,  aged  1034  K (1400  F)  10  hr,  FC  to  920  K (1200  F), 

held  at  920  K (1200  F)  lor  total  aging  time  of  20  hr,  AC 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  ( 75) 


Avg  1251  (182) 

Mm  1239  (180) 

9.31  (1.35) 

Avg  1014  (147) 

Mm  995  (144) 

13.1  (1.90) 


77  (-320) 


1502  (218) 

1467  (213) 
18.5  (2.68) 

1196  (174) 

1172  (170) 
23.0  (3.34) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 


10  (1) 


10  (1) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  <106  psi) 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Min 

No.  of  Spec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No  of  Spec.  (No.  of  Heats) 

References:  63649 

6.2.3-6  (11/74) 


TABLE  6.2.3-ME6.1 


Inconel  718 
Plate-Weld  Metal 


Alloy  Designation: 


Inconel  718  Nickel-Baaa  Alloy  (Weld  Metal) 


Specification: 

Form: 

Thick  ness,  cm  (in.): 
Condition: 


Plate-T.3  welded,  718  Alloy  filler 
0.635  to  1 .269  (0.250  to  0.499) 

Plate  TIG  welded,  weldment  annealed  1340  K (I960  F)  1 hr,  AC,  toed  1034  K (1400  F)  10  hr. 
FC  to  920  K (1200  F)  10  hr,  AC,  and  tested  at  aged 


u 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 

RA,  percent 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

Min 


No  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  o;  Spec.  (No.  of  Heats) 

NTS,  MN/m2  .-si) 

Avg 

K.= 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10«  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

*t" 

Min 

No.  of  Spec  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

297  (75) 


1273  (184,7) 
1262  (183.0) 

1c  72  (155.5) 
1055  (153.0) 

16 

15 


(1)(3) 


20 

(-423) 

1656 

1527 

(225.7) 

(221.4) 

1237 

1207 

(179.4) 

(175.1) 

13.8 

11.5 

3 

(1) 

No.  of  Spec.  (No.  of  Heats) 

f) ; 7 < Refer  ernes:  63649 

(a)  Room-temper  >ture  values  contain  a degree  of  uncertainty  because  the  precise  location  of  fracture  (in  or  out  of  weld  metal)  was  not  given. 

6,23-6.1  (11/76) 


Inconel  718 

TABLE  6.2.3-ME6.2 

Plate-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 

1 

297  (75) 



Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1320 

1050 

(192) 

(152) 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1110 

1030 

(161) 

(149) 

Elong,  percent 

Avg 

Min 

RA,  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

7 

(3) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

220 

197 

7 

(31.9) 

(28.5) 

(3) 

Plate  TIG  welded,  718  Alloy  filler 

1.270  to  2.540  (0.500  to  1.000) 

Plate  solution  treated  1228  K (1750  F)  'h  hr,  AC;  welded,  weldment  aged  et  992  K (1325  F)  8 hr, 
FC  to  895  K C1150  F)  8 hr,  AC;  tested  es  aged 


77  (-320) 


1540  (223) 
1410  (205) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A /g 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m-  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Eking,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Potssc-.'s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

References:  90717 


1210  (176) 
1170  (169) 


236  (34.2) 

214  (31.1) 

3 (2) 


6. 2. 3-6. 2 (11/76) 


Inconel  718 

TABLE  6.2.3-ME6.3 

Plate-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Wok)  Metal) 

Specification; 

Form: 

Thickness,  cm  (in,); 
Condition: 


Testing  Temperature,  K (F) 

297  (75) 



Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

1420 

(206) 

Std  Deviation 

Mm 

1360 

(197) 

TYS,  MN/m2  (ksi) 

Avg 

1110 

(161) 

Std.  Deviation 

Mm 

1090 

(158) 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

5 

(2) 

E,  GN/m2  (10®  psi) 

Avg 

212 

(30.7) 

Min 

203 

(29.4) 

No.  of  Spec.  (No.  of  Heats) 

5 

(2) 

Plate-EB  welded,  no  filler 
1 .270  to  2.540  <0.500  to  1 .000) 

Plate  solution  treated  1228  K (1750  F)  ’A  hr,  AC;  welded,  weldment  aged  at  992  K (1325  F)  8 hr,  AC; 
tested  as  aged 


1540  (224) 
1450  (211) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  fksi)  Avg 

K*  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =»  Mm 

No.  of  Spec.  (No.  of  Hens) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90717 


1330  (193) 


214  (31.0) 

1 


8.2.3-6.3111/76) 


■ 


TABLE  6.2.3-ME6.5 

Inconel  718 
Plate-Weld  Metal 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy  (Weld  Metal) 

Specification: 

Form:  I 

Thickness,  cm  (in.): 
Condition:  I 

i 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


Plate-TIG  welded,  718  Alloy  filler 
1 .270  to  2.540  (0.500  to  1 .000) 

Platt  annealed  1340  K (1950  F)  1 hr,  AC;  aged  8-10  hr  970  K (1350  F).  FC  to  922  K (1200  F)  total  aging 
tine  of  20  hr,  AC;  welded, tested  as  welded 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kf 

Mm 

No.  of  Spec.  (No.  of 

Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong.  "ercent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/rn2  (ksi) 

Avg 

Kt" 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  “ 

Min 

No  of  Spec.  (No.  of  Heats) 

References:  69021 

1299  (188.4) 
1245  (180.5) 
6 (1) 


6.2.3-6.5(11/76) 


Inconel  718 
Forging* 


TABLE  6.2.3-ME11 


Alloy  Designation:  Inconal  718  Nickel-Baie  Alloy 


Specification:  AMS- 5662  B 

Form:  Forging*  (thick  section) 

Thickness,  cm  (in.):  2.5  to  10  cm  (1.0  to  4.0  in.) 

Condition:  Annealed  1256  K (1800  F)  45  min,  AC,  aged  092  K (1325  F)  8 hr,  AC  to  895  K (1150  F), 

held  at  895  K (1150  F)  for  total  aging  time  of  18  hr,  AC 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 


Std  Deviation 

TVS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Min  1282  (186) 


Min  1124  (163) 


195 

(-108) 

77 

(-320) 

1350 

1340 

(196) 

(194) 

1634 

1617 

(237) 

(234) 

1189 

1178 

(172)  ; 

(171)  | 

1296 

1243 

(188) 

(180) 

RA,  percent  / 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

h 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  = 6.3  N 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


44.6 

43.5 
4 (1) 


41.5 

38.5 
4 (1) 


Avg  2034  (295)  2168  (314)  2352  (341)  2392  (347) 

Min  1988  (288)  2148  (312)  2277  (330)  2352  (341) 


Avg  1238  (187) 

M:n  1248  (181) 


Avg  1154  (167) 

Mm  1138  (165) 


1363  (198) 

1344  (195) 


1631  (236)  1743  (253) 

1600  (232)  1736  (252) 


1188  (172)  1287  (187)  1354  (196) 

1179  (171)  1272  (184)  1333  (193) 


RA,  percent  f 

I* 

No.  of  Spec.  (No.  of  H'-ats) 

E,  GN/m2  (10®  psi)  t 

I) 

No  of  Spec  (No.  of  Heats) 

'oisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  * 6.3  N 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

References:  82966,95168 


28 

27.5 
4 (If 


34.8 

31 

4 (1) 


39.1 

36.5 
4 (1) 


29.8 

23.5 
3 (1) 


Avg  1934  ( 280)  2062  (299)  2237  (324)  2296  (333) 

Min  | 1864  (270)  | 2056  (298)  j 2216  (321)  2252  (328) 

4 (1)  4 (1) 


2056  (298) 
4 (1) 


6.2.3-11(11/76) 


•1<  V 


TABLE  6.2.3-ME12 


Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 


Specification:  AMS  5662B 

Form:  Forgings  (thick  section) 

Thickness,  cm  (in.):  2.5  to  10  cm  (1.0  to  4.0  in.) 

Condition:  Annealed  1255  K (1800  F)  45  min,  AC,  aged  992  K (1325  F)  8 hr,  AC  to  895  K (1150  F|, 

held  at  895  K (1150  F)  for  total  aging  time  of  1*?  hr,  AC 


Testing  Temperature,  K (F)  | 297  (75)  195  M 08)  77  (-320) 


Tension,  Short  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 


Avg  1289  (187) 

Mm  1274  (185) 


1371  (199) 

1354  (196) 


1579  (229)  1635  (237) 

1537  (223)  1573  (228) 


TYS,  MN/m2  (ksi) 


Std  Deviation 


Avg  1144  (166) 

Min  1124  (163' 


1202  (174)  1288  (187)  1344  (195) 

1189  (172)  1271  (184)  1326  (1921 


Elong,  percent 


RA,  percent  / 

No.  ol  Spec.  (No.  ot  Heats) 

£,  GN/m2  (106  psi)  / 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


23 

17  5 

4 (1) 


14 

12 

4 (1) 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 6.3 

No.  of  Spec.  (No  ot  Hccts) 


Avg  1865  (270) 

Mm  1803  (262) 

4 (1) 


1889  (274)  2057  (298)  1968  (286) 

1800  (261)  1995  (289)  1909  (277) 

4 (1)  4 (1)  4 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats! 

References:  82966 


■1 


6.2.3-12  (11/74) 


Incone'  718 
Forgings 


TABLE  6.2.3  ME13 


Alloy  Des ignat  ion:  Inconel  718  Nickel-Base  Alloy 


Specification:  AMS- 5662  B 

Form:  Forgings  (thick  section) 

Thickness,  cm  (in.):  2.5  to  10  cm  (1.0  to  4.0  in.) 

Condition:  Annealed  1255  K (1800  F)  45  min,  AC,  aged  922  K (1325  F)  8 hr,  AC  to  896  K (1160  F), 

held  at  920  K (1200  F)  for  total  aging  time  of  20  hr,  AC 


Testma  ' emperature,  K (F) 


297  (75) 

195  (-108) 

77  (-320) 

20  (-423) 

Compression,  Longitudinal 

CVS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Ec,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 
CYS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

Cc,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

ShearW 

SUS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 
G.  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 
Long.,  J(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Short  Transverse,  J(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness!®) 

K|C  MN/m^lkti/in.) 

Orientation:  T - S 
No.  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


85.4 

82.7 

4 

36.6 

35.2 

5 


96.3 

91.5 


(63) 

(61) 

(1) 

(27) 

(26) 

0) 


(87.8) 

(83.4) 

(1) 


66.4  (49) 

65.1  (48) 

4 (1) 

23.7  (17.6) 

21.7  (16) 

4 (1) 


106  (95.6) 
100  (91.2) 

2 (1) 


K|£,  MN/m3/2(ksi>/ in.)  Avg 

(From  PTSC  spec.M  — }Min 
No.  of  Spec.  (No.  of  Heats) 

References:  82966. 95168 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K|C  data:  CT 


66.4 

54.2 

4 

28.5 

19.0 

5 


103.2 

96.5 


(49) 

(40) 

0) 

(21) 

(14) 

(1) 


(94) 

(88.0) 

(1) 


58.3  (43) 

56.9  (42) 

4 (1) 

40.7  (30) 

35.2  (26) 

4 (1) 


112.3  (102.3) 
104  (94,8) 

3 (t) 


41 0< 


6.2.3  13  (11/76) 


TABLE  6.2.3  ME14 


Alloy  Designation:  Inconel  718  Nickel-Base  Alloy 


Specification:  AMS-5664  A 

Form:  Forgings  (thick  section) 

Thickness,  cm  (in.):  2.5  to  10  cm  (1.0  to  4.0  in.) 

Condition:  Annealed  1340  K (1950  F)  1 hr,  AC,  aged  1034  K (1400  F)  10  hr,  FC  to  920  K (1200  F), 

held  at  920  K (1200  F)  for  total  aging  time  of  20  hr,  AC 


Testing  Temperature.  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 


Std  Deviation 

TYS,  MN/m2  (k  ) 

Sid.  Deviation 

Elong,  percent 


RA,  percent  / 

ft 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  f 

ft 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 
Kt  * 6.3 


No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 


Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


RA,  percent  f 

ft 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2(106psi)  / 

ft 

No.  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 


No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats! 


References:  69021,  82966 


297 

(75) 

195 

(-108) 

77 

(-320) 

1302 

1248 

(190) 

(181) 

1371 

136G 

(139) 

(198) 

1640 

1627 

(238) 

(236) 

1041 

993 

(151) 

(144) 

1132 

1130 

(164) 

(164)  1 

1212 

1200 

(176) 

(1741 

41.7 

36 

7 (2) 


44.1 

41.5 
4 (1) 


35.8 

32  7 
7 (2) 


Avg  1898  (275)  2063  (299)  2276  (330)  2295  (333) 


Min  1800  (2611 


2036  1295) 
4 (1) 


2246  (326)  2223  (322) 
4 \\)  7 (2) 


Avg  1267  (184)  1360  (197)  1622  (235)  1672  (242) 


Mir  1260  (183)  1355  (196)  1613  ( 234)  1523  ( 221) 


Avg  1009  (146) 

Mm  1002  (145) 


1139  (165) 

1125  (163) 


1229  (178)  1277  (185) 

1222  (177)  1270  (184) 


30.5 

22 

4 (1! 


22.2 

21 

4 (1) 


26.1 

24.5 
4 (1) 


25.0 

20.5 
4 (1) 


Avg  1823  (265) 

Min  1767  (255) 

4 (1) 


1961  (284)  2167  (314)  2206  (320) 

1933  (280)  2089  (303)  2153  (312! 

4 (1)  4 (1)  4 (1) 


6.2.3-14  (11/74) 


Inconel  716 

TABLE  6.2.3-ME16.1 

Forgings 

Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K ,r) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Forgings  (thick  section) 

Over  10  cm  (4.0  in) 

Solution  treated  1225  K (1800  F)  1 hr,  AC;  aged  992  K (1325  F)  8 hr,  PC  to  895  K (1150  F)  8 hr,  AC 


Avg  1347  (195.4) 

Min 


Avg  1164  (168.8) 

Min 


1640  (237.8) 


1344  (194.9) 


(-452) 


1670  (242.2) 


RA,  percent  / 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  - 10 

No.  of  Spec.  (No.  of  Heats) 


Avg  1749  (253.6) 

Min 


1876  (272.1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  pfrcent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  95168 


6.2.3  16.1  (11/76) 


TABLE  6.2.3-ME16.2 


Inconel  718 
Forgings 


Alloy  Designation: 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Inconel  718  Nickel  Base  Alloy 


Forgings  (thick  section) 

Over  10  (4.0) 

Soltuion  treated  1255  K (1800  F)  1 hr,  AC;  aged  922  k (1325  F)  8 hr,  FC  to  895  K (115 0 F)  8 hr,  AC 


Testing  Temperature,  K (F) 

297(75) 

4 (-4521 

Compression,  Longitudir  si 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  or  Heats) 

Ec,  GN/m2(10®psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear<a> 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2(106psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec,  f No.  of  Heats) 

Fracture  Toughness^ 

Jjc  MN/m  (in.-lb/in.2)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K(e,  MN/m3/2(ksi/in.)  Avg 

(From  PTSC  spec  if  — )Mm 
No.  of  Spec.  (No,  of  Heats) 

0.021  (120) 
1 

).027  (152) 
1 

References:  95168 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


41.i< 


6.2.3-16.2  (11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


TABLE  ra'-MEI  6.3 
Inconel  718  Nickel-Baee  Alloy  (VW  Met  4) 


Inconel  716 
Forgings-Weld  Metal 


Forgings  (thick  section),  TIG  welded.  Alloy  718  filler 
Over  TO  (4.0) 

Soltuion  treated  1256  K (1800  F)  1 hr,  AC;  welded,  weldment  solution  treated  12S6  K (1800  F)  1 hr,  AC; 
aged  902  K (1325  F)  8 hr,  FC  to  895  K (1160  F)  8 hr,  AC;  tested  eseged 


Testing  Temper  ature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS.  MN/m2  (ksi) 

Std.  Deviation 

71 

1259  (182.6) 

1436 

(208.2) 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

1094  (158.6) 

1281 

(185.8) 

Elong,  percent 

Av, 

Min 

1.7 

1.8 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

5.7 

1 

1 

4.3 

E,  GN/m2  (106  psi) 

Avg 

Min 

(-452) 


1661  (239.4) 

1273  (184.8) 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

K,  - 10 

No.  of  Spec.  (No.  of  Heats) 


Avg  1391  (201.8) 

Mm 

1 


1470  (213.2) 


2282  (330.9) 


NTS,  MN/m2  (ksi)  Avg 

Kf « Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avp 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

Mo.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec  (No.  of  Heats) 

References:  95168 


41  V 


6.2.3-16.3  (11/76) 


TABLE  6-2.3-ME16.4 


Inconel  718 
Forgingt-Weld  Metal 


Alloy  Designation: 

Specification.' 

Form: 

Thickness,  cm  'in.): 
Condition: 


Inconel  718  N»ckel-8ase  Alloy  (Wald  Metal) 


Forgings  (thick  taction)  -TIG  welded.  Alloy  718  filler 
Over  10  (4.0) 

Solution  treated  1256  K (1800  F)  1 hr,  AC;  welded,  weldment  solution  treated  1256  K (1800  F).  1 hr,  AC; 
aged  922  K (1326  F)  8 hr,  FC  to  896  K (1150  F)  8 hr,  AC;  tested  at  aged 


Testing  Temperature,  K (F) 

297  (75) 

77  (-320) 

4 (-452) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  INo.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear!*) 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats ) 

Impact,  C harpy  V 

Long.,  Nm(ft-lb|  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness!®) 

KjcMN/m^tkii/in.)  Avg 

Min 

Orientation:  - 

No.  of  Spec.  (No.  of  Heats) 

Kf£»  MN/m^2(ksi / in.)  Avg 

(From  PTSC  spec.)(  — )Min 
No.  of  Spec.  (No.  of  Heats) 

51.5  (46.5) 

52.1  (47.1) 

References:  95188 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


6.2.3-16.4(11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


Inconel  718 
Plate 


Stress  Intensity  Factor  Range,  AK.ksi  /in. 


60  80  100 


400  600  800  1000 


o - Room  temperature 
• - Liquid  N2,77K(-320  F) 

Plate  thickness 
1.9  CM(0.75in.) 


44  66  88  110  220  440 

Stress  Intensity  Factor  Range,  AK,  MN/m3/2 


.J 1— J I0-7 

660  880  1100 


FIGURE  6.2.3-ME5.  FATIGUE  CRACK  GROWTH  RATE  OF  WELDED  AND  UNWELDED 
INCONEL  718  NICKEL-BASE  ALLOY  PLATE  [Plate  solution  treated 
1228  K (1750  F)  % hr,  AC;  welded,  weldment  aged  at  992  K (1325  F) 
8 hr,  FC  to  895  K (1 150  F),  AC;  tested  as  aged,  unwelded  plate  aged 
by  same  treatment]  [90717] 


6.2.3-18.3(11/76) 


Fatigue  Crack  Growth  Rate, da/dN,  inch/cycle 


Fatigue  Crack  Growth  Rate,  da /dN,  mm/cycle 


Inconel  718 
Forgings 


Stress  Intensity  Factor  Range,  AK,  ksi  /In 


FIGURE  6.2.3-ME7.  FATIGUE  CRACK  GROWTH  RATE  IN  LARGE  FORGINGS  [ 2 to  10  cm 
(1  to  4 in.)  DIAMETER]  OF  INCONEL  718  NICKEL-BASE  ALLOY 
[Heat  treatment:  solution  treated  1255  K (1800  F)  3/4  hr,  AC;  aged  992  K 
(1325  F)  8 hr,  FC  to  895  K (1 150  F)  10  hr,  AC] 


6.2.3-18.5  (11/76) 


<uo< 


Fatigue  Crack  Growth  Rate,da/dN,  inch/cycle 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycie 


Stress  Intensity  Factor  Range,  AK,ksi/in 


60  80  100 


400  500  8001000 

io-4 


o 297  K (75  F) 
a 77  K (-320  F) 
a 4K  (-452  F) 
v 4K  (-452  F) 


IO'5  1 


IO'6  § 


II  22  44  66  88  110  220  440  660  880 '‘00 

Stress  Intensity  Factor  Range,  AK,  MN/m3/2 

FIGURE  6.2.3-ME8.  FATIGUE  CRACK  GROWTH  RATE  IN  LARGE  FORGINGS  [ OVER  10cm 
(4  in.)  DIAMETER]  OF  INCONEL  718  NICKEL-BASE  ALLOY  (Heat 
treatment:  solution  treated  1255  K (1800  F)  1 hr,  AC;  aged  992  K (1325  F) 
8 hr,  FC  to  895  K (1150  F)  8 hr,  AC] 


4:c  t < 


6.2.3-18.6  (11/76) 


TABLE  6.2.3-TR1 


Alloy  Desiytation:  Inconel  718  Nickel  Alloy 


Specification: 

Form: 

Dimension : 

Condition:  Annealed  except  at  noted  below 


Testing  Temperature  K (F) 


Thermal  Conductivi 


273  (32) 

100  (-280) 

50  (-370) 

20  (-423)  ! 

10  (-442) 

5.3  | 2.95  1.48 

(3.061  (1.711  (0.856) 

2 2 2 


Btu  hr  * ft  * F * 

No.  of  Spec. 

References:  96885 

Thermal  Expansion  (T?73  to  T) 
Longitudinal  D) 

Percent 

No.  of  Spec. 

References:  74405,  70625, 
94208 

Specific  Heat 

Joules  kg'1  K"^ 

Btu  lb*l  F't 

No.  of  Spec. 

References: 

Electrical  Resistivity 


Ohm  m 

Ohm  circular  mil  ft*1 

No.  of  Spec. 

References:  79561,82097, 
90164,  77044, 
94206 

Ohm  m^J 

Ohm  circular  mil  ft'1 
No.  of  Spec. 

References:  96885 

Magnetotharmal  Conductivity 
Watts  m 1 K-1  H 

Tesla 

Watts  m-1  *1  0 

Btu  hr’1  ft1  F'1 

Watts  m1  K’1  8 

Btu  hr'1  ft1  F-l 
No.  of  Spec. 

References:  94208 

(1)  Age  Hardened 


1.14  x 10^ 

(686) 


120  x 10-8 

(722) 

5 


1.09  x 10-® 

(656) 

1 


119  x lO"8 

(716) 

5 


1.08  x 10-8 

(650) 

1 


1.08  x 10-8 

(650) 

1 


118  x 10-8 

(710) 

5 


1.08  x 10-® 

(650) 


118  x 10 
4 


6.2.3-19  (11/76) 


* 


Temperature,  K 


FIGURE  6.2.3-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE 
42 FOR  INCONEL  7 1 8 NICKEL  ALLOY 

6.2.3-20  (11/74) 


Magnetic  Moments.M  lemu) 


TABLE  6.2.3-MA1 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm(in.): 

Condition: 

Peak  induction,  Bs, 
at  4.2K: 

Curie  TEmperature: 


Inconel  718 
IN  718  STDA 
Rod 

Not  given 

STDA:  solution  treated,  double  aged 

0.1335T  (tesla) 

-130K  (-225  F) 


Inconel  718 
Rod 


Applied  Magnetic  Field, tesla 
1.3  2.6  3.9  5.2  6.5 


MAGNETIC  MOMENT  AS  A FUNCTION  OF 
EXTERNAL  FIELD  AT  LOW  TEMPERATURES 


MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  E TERNAL  FIELD 


Reference:  94206 


=j 

E 

Q> 


V) 

C 

tt) 


2 

C7i 

O 

2 


13.0  26.0  39.0  52.0  65.0 

Applied  Magnetic  Field, H(k  Oe) 


4 


\ < 


6.2.3-22.1  (11/75) 


F 


I 1200 


800 


Alloy  Designation: 

Inconel  718  Nickel-Base  Alloy 

Specification: 

Form: 

Rod 

Diameter,  cm  (in.): 

0.37  (0.145) 

Condition: 

Solution  annealed 

Test  Temperature: 

4.2  K (-452  F) 

Impressed  Field,  H(kOe) 


FIGURE  6.2.3-MA2.  MAGNETIZATION  VERSUS  APPLIED  MAGNETIC  FIELD  FOR  INCONEL  718 
NICKEL-BASE  ALLOY  [96871] 


6.2.3-23(11/76) 


mmmkmmi 


Inconel  706 

TABLE  6.2.4-ME1 

Forging 

Alloy  Designation: 

Inconel  706  Nickel-Case  Alloy 

Specification: 

Form: 

Thickness,  cm  (in.):  1 

Condition:  ! 


Tatting  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elortg,  percent 


Forging 

Over  5.080  (2.000' 

Solution  treated  1256  K (1800  F)  1 hr,  AC,  egad  1006  K (1350  F)  8 hr,  FC  to  895  K (1150  F)  8 hr,  AC 


297  (75) 


Avg  1263  (183.2) 

Min 


Avg  1045  (151.6) 

Min 


1574  *228.31 


1203  (174.51 


(-452) 


1673  (242.7) 
1250  (181.3) 


RA,  percent  / 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  A 

K 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  =»  10 

No.  of  Spec.  (No.  of  Heats) 


Avg  1876  (272.1) 

Min 

2 (2) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


33.3 

2 (2) 


2170  (315.4) 

2 (2) 


2250  (326.3) 
2 ,J) 


HA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

- Min 

No  of  Spec.  (No.  of  Heats) 

References:  95168 


Tv.  tv 


6 .2.4-1  (11/76) 


Inconel  706 

TABLE  6.2.4-ME2 

Forgings 

Alloy  Dasignation: 

Inconel  706  Nickel-Base  Alloy 

Specification: 

Form:  Forging 

Thick  non,  cm  {in.):  Over  5.080  (2.000) 

Condition:  Solution  treated  1255  K (1800  F)  1 hr,  AC;  aged  1006  K (1350  F)  8 hr,  FC  to  895  K (1150  F),  AC 


Teiting  Temperature,  K (F) 


CYS,  MN/m‘  (kti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  <10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  T ran «v arse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


297 (75) 


Long..  Nm(ft-lb)  / 

l\ 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  / 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness!*5) 


J|C  MN/m  (in.-lb/in.2)  Avg  0.064  (364) 

Min 

Orientation:  - 

No.  of  Spec.  (No.  of  Heats)  2 (1) 

K|g,  MN/m^^ksi/ in.)  Avg 

(From  PTSC  spec.K  — )Min 
No.  of  Spec.  (No.  of  Heats) 

References:  95168 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


0.106  (607) 

2 (1) 


K 7 


6.2.4  2 (11/76) 


Inconel  706 

TABLE  6,2.4-ME3 

Forging-Weld  Metal 

Alloy  Designation: 

Inconel  706  Nicket-Begg  Alloy  (Weld  Metal) 

Specification: 

Form:  I 

Thickness.  cm  (in.):  ( 

Condition:  ! 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

clong,  percent 


Forgirtg-TIG  welded,  Alloy  718  filler 
Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  welded,  weldment  soltuion  treated  1255  K (1800  F)  1 hr,  AC; 
aged  1006  K (1350  F)  8 hr,  FC  to  895  K (1150  F)  8 hr,  AC;  tested  as  aged 


297  (75) 


Avg  HU  061.2) 

Min 


Avg  1000  (145.0) 

Mm 


1295  (187.8 


1174  (170.3H 


RA,  percent  t 

N 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

K 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  - 10 

No.  of  Spec.  (No  of  Heats) 


Avg  1627  (236.0) 

Min 


1757  (254.8 1 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  95168 


‘1  v c'i  < 


621.4-3  (11/76) 


Inconel  706 

TABLE  6 -2.^ME* 

Forgingt-Weld  Metal 

Alloy  Designation; 

Inconel  706  Nickel-Bats  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thicknan,  cm  (in.): 
Condition: 


Forging-TIG  welded,  Alloy  718  filler 
Over  5.060  (2.000) 

Solution  treated  1256  K (1800  F)  1 hr,  AC;  welded,  weldment  lolution  treated  1255  K (1800  F)  1 hr,  AC; 
aged  1006  K (1350  F)  8 hr,  FC  to  895  K (1150  F),  AC,  tatted  at  aged 


Tatting  Temperature,  K (F) 


inal 


CYS,  MN/m2  (kti)  / 

h 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(10®pti)  7 

K 

No.  of  Spec.  (No.  of  Heats) 


297(75; 


CYS,  MN/m2  (kti)  7 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec.  GN/m2  (10®  pti)  7 

N 

No.  of  Spec.  (No.  of  Heats) 

Shear  M 

SUS,  MN/m2  (kti)  7 

K 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  pti)  7 

K 

No.  of  Spec.  (No.  of  Heats) 


Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trent.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^) 

K|c  MN/m^ikajy  in.)  Avg 

Min 

Orientation:  - 

No.  of  Spec.  (No.  of  Heats) 

K|g,  MN/m^Oui/in.)  Avg 

(From  PTSC  spec.)!  — )Min 
No.  of  Spec.  (No.  of  Heats) 

Reference!:  95168 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


58.7  (53.0) 

(1) 


k.>< 


B.2.4-4  (11/78) 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


10 


I0~5l- 


I0'6h 


lO’V 


Stress  Intensity  Factor  Range,  AK,  ksi,  %/Trv 

20  40  60  80  100  200  400  600  800 

~“l 1 


Inconel  706 
Forgings 


T 


f 


o • 297  K (75  F) 
□ ■ 77  K (-320  F) 
a a 4 K (-452  F) 

o □ a Heat  1 
0 a a Heat  2 


10 


,-4 


10 


r 5 


10 


.6 


22 


44  66  88  110 


10 

220  440  660  8801100 


-7 


Stress  Intensity  Factor  Range,  AK,  MN/m3/2 


FIGURE  6.2.4-ME1.  FATIGUE  CRACK  GROWTH  RATE  IN  FORGINGS  [OVER  5.080  cm 
(2.000  in.)  DIAMETER]  OF  INCONEL  706  NICKEL-BASE  ALLOY 
[Heat  treatment:  solution  treated  1255  K (1800  F)  1 hr,  AC,  aged 
1006  K (1350  F)  8 hr,  FC  to  895  K (1150  F)  8 hr,  AC]  [95168] 


6.2.4  5(11/76) 


4 a>< 


Fatigue  Crack  Growth  Rate,  d a/dN,  inch/cycle 


Specification: 


Form: 

Dimension: 

Condition : Solution  treitad  and  double  aped 


Testing  Temperature  K (F) 


273  (32) 


100 


(-280) 


50 


Thermal  Conductivity 
Watts  m-1  K'1 
Btu  hr'1  ft*1  F*1 

No.  of  Spec. 

References: 


(•370) 


20 


(423) 


10 


(442)  4 


(452) 


Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  95168 

Specific  Heat 

Joules  kg*1  K'1 
Btu  lb*1  F'1 

No.  of  Spec. 

References:  95168,96888 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft*1 

No.  of  Spec. 

References: 


0 

2 


470 

2 


* Extrapolated. 


•0.194 

2 


<1.220 

2 


-0.227 

2 


-0.228 

2 


(0.112) 


245 

(5.86  x 10-2) 

2 


100*  9.60 

(2.39  x 10*2) 1 (2.20  x 10  3) 

0 2 


3.70 

(8.84  x 10-4) 

2 


1.52 

(3.63  x 10-4) 

2 


43  f < 


6.2.46  (11/78) 


6 

» 

lU90J9d  ‘U0lSUDdX3  | 


Temperature,  K 

FIGURE  6.2.4-St.  SPECIFIC  HEAT  VERSUS  TEMPERATURE  FOR  INCONEL  706  NICKEL  ALLOY 


6.2.4  8 (11/76) 


Alioy  Designation: 
Specification: 


Form: 

Thicknes,  cm  (in.): 


Condition: 


. TABLE  6-3-1  *1E0-1 

Invar  36  Controlled  Expansion  Alloy  (Wold  Metal) 


Ptatt-TIG  welded.  Invar  36  filler 
1.270  to  2.540  (0.500  to  1.000) 
Plate  welded  and  tested  as  welded 


Invar  36 

Plate-Weld  Metal 


Testing  Temperature,  K ( F> 

297(75) 

155  (-180) 

77  (-320) 

Comprewion,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  { 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS.  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  ( 1 0®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Impact,  C harpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No,  of  Spec.  (No.  of  Heats) 

Trans,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m3/2(ksi/rn.)  Avg 

Min 

Orientation  — 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m3/2{ksi/m.)  Avg 

(From  PTSC  spec.)(  — )Min 
No.  cf  Spec.  (No.  of  Heats) 

95  (70) 

1 

50  (37) 

1 

38  (28) 

1 

References:  66001 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


v <; 


i 


: 


6.3.141.1  (11/76) 


1 


Invar  36 

TABLE  6JJ.1-ME0.2 

Plate-Weld  Metal 

Alloy  Designation: 

Invar  36  Controlled  Expansion  Alloy  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Piate-TIG  welded,  Invar  36  filler 
1.270  to  2.540  (0.500  to  1.000) 

Plate  welded,  weldment  stress  relieved  922  K (1200  F)  1%  hr,  AC;  tested  as  stress  relieved 


Testing  Temperature,  K (F) 


297(75) 


CYS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m^loepsi) 

No.  of  Spec.  (No.  of  Heats) 

ess  ion.  Transverse 


CYS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Shear<«> 

SUS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 


Long.,  Nm(h-lb) 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Fracture  T 


K|c  MN/m2'2(ksi/in.)  Avg 

Min 

Orientation  - 

No.  of  Spec.  (No.  of  Heats) 

K(£,  MN/m2/2(ksi/ in.)  Avg 

(From  PTSC  spec. )(  - )Min 

No.  of  Spe*~  (No.  of  Heats) 

References:  66001 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


39  (29 

1 


6. 3. 1-0.2  (11/76) 


r 

Alloy  Designation: 

TABLE  6.3.3-ME6 

Inco  Low-Expansion  Alloy  (unnamed) 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

0.635  to  1.269  (0.250  to  0.499) 

Condition: 

Annealed 

Tatting  Temperature,  K (F) I 297  (75) 77  (-320) 


CYS,  MN/m2  (ksi) 


Avg 

Min 


No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(l06p*i)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/mZ  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Shear* 

SUS,  MN/mZ  (ksi) 

No.  of  Spec.  (No.  of  Heats) 
G,  GN/mZ(10®psi) 

No.  of  Spec.  (No.  of  Heats) 

impact,  Charpy  V* 

Long.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Trans.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness*®* 

K|c  MN/m3/Z(kji/ »n.)  Avg 

Min 

Orientation. 

No  of  Spec.  (No.  of  Heats) 

K|e,  MN/mZ/2(k»j/in.)  Avg 

(From  PTSC  spec.H  - }Min 
No.  of  Spec  (No.  of  Heats) 


81.4  (60) 
77.3  (57) 
2 


60.0  (44) 
1 


References:  65184 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 

* Half-size  specimens 


■1L 


6.3-3  6 111/76) 


INCO  LEA 

TABLE  6.334ME7 

Plata 

Alloy  Designation: 

Irtco  Low-Expansion  Alloy  (unnamed) 

Specification: 

Form: 

Plata 

Thickness,  cm  (in.): 

0.635  to  1.269  (0.250  to  0.499) 

Condition: 

Annealed  + Aged  922  936  K (1200-1225  F)  8 16  hr. 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


237(75) 


77  ( 320) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,- 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  T ransvene 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  p«) 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  = 20  Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ku>  Avg 

Kt  - Min 

No.  of  Spec.  (No  of  Heats) 

References:  65184 


951  (138) 


910  (132) 
834  (121) 


Min  1082  (157) 


1558  (226) 
1531  (222) 


1213  (176) 
1165  (169) 


1366  (198) 
1310  (190) 
6 


6.3.3  7 (11/76) 


Testing  Temperature,  K (F) 


297(75) 


77  (-320) 


20  (-423) 


CYS,  MN/m2  (k $i)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(106p«i)  Avg 

Min 

No,  of  Spec.  (No.  of  Heats) 


Compression,  T ransverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  cif  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Impact,  C harpy  V* 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


24.0  (17.7) 
16.3  (12) 
10 


15.9(11.7) 
14.9  (11) 

6 


Trans.,  Nm(ft-lb)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m3/2(ksi7in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K[g,  MN/m2/2! ksi/  in.)  Avg 

(From  PTSC  spec.)!  - >Min 
No.  of  Spec.  (No  of  Heats) 


16.3  (12) 
14.9  (11) 
4 


References:  65184 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 

* Half-size  specimens 


6.3.3  8 (11/76) 


6.3.3-10  (11/76) 


TABLE  6.3-3-ME11.1 


INCO  LEA 

Plate 


Alloy  Daaignation: 


Inco  Low  Expansion  Alloy  (Unnamed) 


Specification: 

Form: 

Thickness,  cm  (in.) 
Condition: 


Plate 

Over  5.080  (2.000) 

Solution  treated  1255  K (1800  F)  1 hr,  AC;  aged  936  K (1225  F)  8 hr,  AC 


Tatting  Temperature,  K (F) 


297(75) 


CYS,  MN/m2  (ksi) 


No.  of  Spec.  (No.  of  Heats) 


Ec,  GN/m2  (10®  pai) 


No.  of  Spec.  (No.  of  Heats) 


Compression,  Transverse 
CYS,  MN/m2  (kti) 


No.  of  Spec.  (No.  of  Heats) 


Ec,  GN/m2  (10®  pti) 


No  of  Spec.  (No.  of  Heats) 


Shear<«> 

SUS,  MN/m2  (kti) 


No.  of  Spec.  (No.  of  Heats) 


G.  GN/m2  (10®  psi) 


No.  of  Spec.  (No.  of  Heats) 


Long.,  Nm(ft-lb) 


No.  of  Spec.  (No.  of  Heats) 


Tran*.,  Nm(ft-lb) 


No.  of  Spec.  (No.  of  Heats) 


Fracture  Toughna»(®) 

Jjc  MN/m  (in.-lb/in.2)  Avg  0.046  (263) 

Min 

Orientation:  - 

No.  of  Spec.  (No.  of  Heats) 


Kfg,  MN/m^2(kii Jin.)  Avg 

(From  PTSC  spec.)!  - )Min 
No.  of  Spec.  (No.  of  Heats) 


Reference*:  96168 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


6.3.3-11.1  (11/76) 


Alloy  Designation: 


TABLE  6.3.3ME12 
loco  Low-Expansion  Alloy  (unnamed) 


Specification: 

Form- 

Bar 

Thickness,  cm  (in.): 

Up  to  2.540  (1.000) 

Condition: 

Annealed  1255  K (1800  F)  0.5  hr.,  AC;  aged  936  K (1225  F)  8 hr. 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  <ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong.  percent 


297 (75) 


77  ( 320) 


RA.  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2(106p*j)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS.  MN/m2  (ksi) 
Std.  Deviaiion 

Elong,  percent 


Avg  1234  (179) 

Mm 


896  (130) 


1648  (239) 


1338  (194) 


RA,  percent  / 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/tr>2  (106  psi)  / 

h 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  / 

Kt  - N 

No.  of  Spec.  (No.  of  Heats) 


Avg  1689  (245)  2151  (312) 

Min 

1 1 


NTS,  MN/m2  (ksi)  Avg 

Kt  - M.n 

No  of  Spec.  (No.  of  Heats) 

References:  65184 


6.3.3  12  (11/75) 


Testing  Temperature  K <F) 

273  (32) 

100  (-280) 

20  (-423) 

10  (-442) 

Thermal  Conductivity 

Watts  m"1  K"1 
Btu  hr1  ft'1  F*1 
No.  of  Spec. 

References:  94206 

11.6 

(6.71) 

1 

6.30 

(3.64) 

1 

1.34 

(0.775) 

1 

1.20 

(0.694) 

1 

0.54 

(0.312) 

1 

Thermal  Expansion  (Tjtx  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  94206 

0 

1 

-0.068 

1 

-0.081 

1 

0.083 

1 

-0.083 

1 

Specific  Heat 

Joules  kg*1*  K'1 
Btu  lb'1  F’1 
No.  of  Spec. 

References:  94206 

2.95 

(0.000705) 

1 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 
No.  of  Spec. 

References:  94206 

94  x 108 

(565) 

1 

76  x 10  8 

(457) 

1 

71.5  x 108 

(430) 

1 

70  x 10  8 

(421) 

1 

70  x 10’8 

(421) 

1 

(0.000268) 


6.3.3-13  (11/75) 


da/dN,  mm/cycle 


INCO  LEA 
Plate 


Stress  Intensity  Factor  Range,  AK,ksi  /irT 


60  80  100 


600  8001000 


o 297  K (75  F) 
□ 77  K (-320  F) 
a 4 K (-452  F) 


44  66  88  110  220  440  660  880  1100 

Stress  Intensity  Factor  Range,  AK,MN/m3/2 


FIGURE  6,3.3-MEI.  FATIGUE  CRACK  GROWTH  RATE  OF  7.6  cm  (3  in.)  THICK  INCO  LEA 
PLATE  (Heat  treatment:  solution  treated  1.255  K 0800  F)  1 hr,  AC; 
aged  936  K 0225  F)  8 hr,  AC) 

•I'll:/' 


6.3.3-13.1  (11/76) 


inch/cycle 


Thermal  Conductivity, watts m"1 


Alloy  Designation: 


Specification: 
Form: 

Thickness,  cm  {in.) 
Condition: 


TABLE  6.4.1-ME1 


High  Purity  Nickel 
Bar 


Nickel-High  Purity  (99.99%) 


Bar 

Up  to  2.540  (1.000) 
Hot-finished 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/ro2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Etong,  percent 


297  (75) 


Avg  366.1  (53.1) 

Min 


Avg  173.1  (25.1) 

Min 


492.9  (71.5) 


219.3  (31.6 


734.3  (106) 


225.5  (3.27) 


RA,  percent  / 

N 

No  of  Spec  (No  of  Heats) 

E,  GN/m2  (10®  psi)  / 


2 or  3 (1) 


E,  GN/m2  (10®  psi)  Avg  206.8  (30.0) 

Min 

No  of  Spec.  (No.  of  Heats)  2 or  3 (1) 

Poisson's  Ratio  0.310 


2 or  3(1) 
222.7  (32.3) 


2 or  3 (1) 
224.0  (32.5) 


2 or  3 (1) 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K{  = Mm 

No.  of  Spec.  (No.  of  He3ts) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  / 

h 

No.  of  Spec  (No.  of  Heats) 

€,  GN/m2  (10®  psi)  / 

K 

No.  of  Spec.  (No  of  Heats) 


Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 

References:  89543 


6.4.1-1  (11/76) 


Testing  Temperature,  K (F) 

273  (32) 

50  (-370) 

HI 

Thermal  Conductivity 

mm 

RRR-2500  Watts  m 1 K'1 

94 

165 

380 

1650 

2600 

2000 

Btu  hr'1  ft'1  F’1 

(54.4) 

(95) 

(220) 

(954) 

(1500) 

(1160) 

RRR-670  Watts  m"1  K"1 

94 

165 

380 

1530 

1670 

960 

Btu  hr1  ft’1  F 1 

(54.4, 

(95) 

(220) 

(885) 

(966) 

(555) 

RRR-208  Watts 

94 

160 

340 

710 

610 

265 

Btu  hr1  ft’1  F 1 

(54  4) 

(92) 

(197) 

(410) 

(353) 

(153) 

RRR-80  Watts  m"1  K"1 

94 

160 

335 

365 

217 

87 

Btu  hr1  ft'1  F'1 

(54.4) 

(92) 

(194) 

(211) 

(126) 

(50.3) 

RRR-27  Watts  m 1 K'1 

88 

140 

200 

185 

101 

44 

Btu  hr1  ft'1  F'1 

(50.9) 

(81) 

(116) 

(107) 

(58.4) 

(25.4) 

No.  of  Spec. 

— 

2 

4 

4 

5 

5 

References:  26638.90170, 
90224, 90447 

Thermal  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

0 

-0.173 

0.196 

41.199 

0.199 

-0.199 

No.  of  Spec. 

1 

1 

1 

1 

1 

1 

References:  90208 
Specific  Heat 

Joules  kg-1  K"1 

429 

232 

68.2 

5.80 

1.62 

0.503 

Btu  lb'1  F'1 

(0.103) 

<5.54  x 102) 

(1.63  x 10*2) 

(1.39x10-3) 

(3.87  x 10~*) 

(1.20  x 10-4) 

No.  of  Spec. 

1 

1 

) 

1 

1 

4 

References:  42219,90370, 
96884 

Electrical  Resistivity^ 

RRR-3000  Ohm  m 

6.20  x 10-8 

1 00  x 10-8 

1.52  x 10"8 

1.11  x 10-10 

3.60  x 1011 

2.07  x 1011 

Ohm  circular  mil  ft’1 

(37.3) 

(6.02) 

(0.914) 

(6.68  x lO-2) 

(2.17  x lO’2) 

(1.25  x lO"2) 

RRR-1000  Ohm  m 

6.21  x 10-8 

1.01  x 10-8 

1.5C  x 10-9 

1.52  x 10-10 

7.20  x 10  11 

6.20  x 10"11 

Ohm  circular  mil  ft'1 

(37.4) 

(6.08) 

(0.933) 

(9.14  lO  2) 

(4.33  x 10-2) 

(3.73  x 10-2) 

RRR-300  Ohm  m 

6.22  x 10^ 

1.02  x 10^ 

1.71  x 10-9 

2.97  x 10-™ 

2.12  x lO  ™ 

2.07  x TO  30 

Ohm  circular  mil  ft’1 

(37.4) 

(6.14) 

(1.03) 

(0.179) 

(0.128) 

(0.125) 

RRR-100  Ohm  m 

6.26  x 10-8 

1.06  x 10-8 

2.13  x 10-9 

7.16  x 10‘10 

6.27  x lO  ™ 

6.26  x 10™ 

Ohm  circular  mil  ft-1 

(37.7) 

(6.38) 

(1.28) 

(0.431) 

(0.377) 

(0.377) 

RRR>30  Ohm  m 

6.41  x 10-8 

1.21  x 10-8 

3.64  x JO'9 

2.23  x lO  9 

2.14  x 10  9 

2.14  x lO’9 

Ohm  circular  mil  ft"1 

(38.6) 

(7.28) 

(2.19) 

(1.34) 

(1.29) 

(1-29) 

RRR-10  Ohm  m 

6.89  x 10-8 

1 .69  x 10"8 

8.39  x 10-9 

6.98  x 10-9 

6.89  x lO  9 

6.89  x lO  9 

Ohm  circular  mil  ft"1 

(41.4) 

110.2) 

(5.05) 

(4.20) 

(4.14) 

(4.14) 

No.  of  Spec. 

References:  90217 

(1)  Interpolated  from  original  data  using  theoretical  correlations. 


•11.1  < 


6.4. 1-2  (11/76) 


Thermal  Conductivity,  watts  m_l  K 


Thermal  Conductivity , Btu  hr"1  ft 


RITY  NICKEL 


Specific  Heat,  Joules  kg 


Specific  Heat,  Btu  Ifcf'F-1 


TABLE  6.4.2-ME1 


"A"  Nickel 
Sheet 


AlloyDejignat  ion : 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature.  K (F) 


Tension,  Longitudinal 


Sheet 

Up  to  0.099  (0.039) 
Annealed 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/ra2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Etong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

><t  ’ 

Mm 

20  (423) 


738  (107) 

230  (33) 


230  (33) 

1 


No  of  Spec.  (No.  of  Heats) 

References:  49048 


6.4.2- 1 (11/76) 


TABLE  6.4.2-ME2 


"A"  Nick#! 
Bar 


Allov  Designation: "A"  Nickel 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Bar 

Up  to  2.540  (1. 000) 
Annealed 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 


Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transvase 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Efong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 


297  (75) 

195 

(108) 

439  (63.7) 

488 

(70.8) 

432  (62.7) 

482 

(69.9) 

144  (20.9) 

152 

(22.0) 

141  (20.4) 

145 

(21.1) 

48.4 

50.3 

47.8 

48.8 

66.2 

65.6 

66.2 

63.5 

3 (D 

3 

(1) 

641  (93.0) 

771.5  (111.9) 

636  (92.2) 

768.1  < 1 1 1.4) 

197  (28.5) 

265  (38.4) 

196  (28.4) 

157  (37.3) 

61.2 

59.2 

60.7 

59.1 

75.2 

67.8 

74.3 

67.5 

3 (1) 

3 (1) 

References:  54986 


lit 


i r-. 


6.4.2-2(11/76) 


6.4.24(11/76) 


Thermal  Conductivity,  watts  m 


"A"  Nickel 


Temperature,  F 

-450  -400  -300  -POO  -IOO  3? 


10  100  300 

Temperature,  K 


FIGURE  6.4.2-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOB  NICKEL  "A" 


6.4.2-5  01/76) 


■15: « 


Thermal  Conductivity , Btu  hr-1  ft" 


INDEX  TO  MATERIAL  CODES  hOR 
SECTION  7.0 


r 


ALLOY  STEELS 


MATERIALS 


MATERIAL  CODE 


9Ni  STEEL 

7.1.1 

18Ni  (200)  MARAGING 

7.1.2 

1010  STEEL 

7.3.1 

ARMCO  IRON 

7.4.1 

5Nr STEEL 

7.4.3 

Fe  (47-50)  N» 

7.4.4 

7.0 


TABLE  7.1.1-ME1 


9Ni  Steel 
Sheet 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


ASTM  A 553- 1 
Sheet 

Up  to  0.099  (0.039) 

1075  K (1475  F).  WQ;  840  1080  K (1050-1125  F),  ac  or  WQ 


Testing  Temperature,  K (F) 


Fatigue,  Axial  Loading 

Sfy  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R » -1  and  Kt  * 3.1 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  $n/TUS  at  10®  cycles 


Sfy  at  10®  cycles.  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  K*  * 

No  of  S-N  Curves  (No  of  Heats) 


Ratio  Sfg/TUS  at  106  cycles 


Sjq  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = -1  andKt=  3.1 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  Srg/TUS  at  107  cycles 


Fatigue,  Flexural  Loading 

Sfj  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  = 

No.  of  S-N  Curves  (No.  ot  Heats) 


Ratio  Spj/TUSat  10®  cycles 


Sfj  « 10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  K,  “ 

No  of  S-N  Curves  (No  of  Heats) 


Ratio  S^/TUS  at  10®  cycles 


Sjvj  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  Kt  = 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  S^j/TUS  at  107  cycles 


References:  92996 


297 (75) 


415  (60) 


195  (28) 


7.1. 1-1  (11/76) 


TABLE  7.1.1-ME2 


Alloy  Dutpiation:  9Ni  Steel 

Specification:  ASTM  A5S3-I 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  1076  K (1475  F).  WQ;  840  1080  K (1050-1125  F),  AC  or  WO 


Testing  Temperature,  K (F) 


Fatigue,  Axial  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R =*  -1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  105  cycles 

S|\j  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  10®  cycles 


| 297 (75) 

; 77  (-320) 

365  (53) 


455  (66) 


Sfj  at  10?  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = -1  and  Kt  “ 1 

No.  of  S-N  Curves  (No.  of  Heats) 


255  (37) 


360  (52) 


Ratio  Sfg/TUS  at  107  cycles 


Fatigue,  Flexural  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R * and  Kt  = 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  5|g/TUS  at  10®  cycles 

S;g  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No.  of  S-N  Curves  (No.  of  Heats) 


Ratio  Siy/TUSat  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R - and  Kt  =■ 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  S|g/TUS  at  107  cycles 


References:  92996 


u 


■u> 


7.1.1  2(11/76) 


TABLE  7.1.1-ME3 


Alloy  Designation:  9Ni  Steel 


Specification: 

Form: 


ASTM  A353 
Sheet 


Thickness,  cm  (in.):  °-100  » 0.319  (0.040  to  0.125) 


Condition: 


Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (FI 


Tension,  Longitudinal 
TUS,  MN/m2  (k$i) 

Sid  Delation 

TYS,  MN/m2  (ksi) 
Sid.  Deviation 

Elong,  percent 


297 

(75) 

882 

(128) 

558 

(81.0) 

77  ( 320)  20  (-423) 


1190  (172)  1503  (218)  1590  (231) 

1010  (146)  1096  (159)  1430  (20«> 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  p$i)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  49048, 91494 


7.1.1-3(11/76) 


9Ni  Steel 

TABLE  7.1. 1-ME4 

Sheet 

Alloy  Designation: 

9Ni  Steel 

Specification : ASTM  A353 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 

Testing  Temperature,  K (F)  | 297  (75) 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi) 

No.  ot  Spec.  (No.  of  Heats) 

Ec.  GN  /m2  ( IQ®  psi) 

No.  of  Spec.  (No  of  Heats) 

Compression,  Transverse 


CYS.  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

Ec.  GN/m2  (10®  psi) 

No  of  Spec  (No.  ot  Heats) 

Shear 

SUS.  MN/m2  (ksi) 

No.  of  Spec.  (No  of  Heats) 

G,  GN/m2  (10®  psi) 

No  of  Spec.  (No  of  Heats) 

Impact,  Charpy  V 


Long.,  Nm(ft-lb) 

No  of  Spec  (No  of  Heats) 

Trans.,  Nm(ft-lb) 

No  of  Spec  INo  of  Heats) 

Fracture  Toughness^®* 


K|C  MN/m3/2(ks.V  in.)  Avg 

Mm 

Orientation  T-L 
No  of  Spec  (No  of  Heats) 

K|£,  MN/m2/2(ksiy  in.)  Avg 

(From  PTSC  spec.H  — )Mm 
No  of  Spec  iNo  of  Heats) 

References:  91494 

(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


MS* 


7.1  14(11/76) 


TABLE  7.1.1  ME5 


L 


Alloy  Designation:  9Ni  Steel 


Specification:  ASTM  A353 

form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Double  normalized  at  1175  K (1650  F).  and  1060  K (1450  F),  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (F) 


297  (75) 

20  (-423) 

Fatigue,  Axial  Loading 

Sfj  at  105  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  K|  = 

No  ot  S N Curves  (No.  of  Heats) 


Ratio  Sf^/TUS  at  10®  cycles 


Sfyj  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  Kt  = 

No  of  S N Curves  (No  of  Heats) 


Ratio  S^/TUS  at  10®  cycles 


$N  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 


Ratio  Sfg/TUS  at  107  cycles 


Fatigue,  Flexural  Loading 

Sjg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * -1  and  Kt  = 3.1 

No  of  S N Curves  (No  of  Heats) 


Sf^at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = -1  and  Kt  = 3.1 

No  of  S-N  Curves  (No  of  Heats) 


Sfj  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R * and  Kf  = 

No  of  S N Curves  (No  of  Heats) 


Ratio  Sfj/TUS  at  107  cycles 
References:  49048 


407  (59) 


(I) 


255  (37) 

I (1) 


448  (65) 


317  (46) 


448  (65) 

1 (1) 


255  (37) 

1 (1) 


400  (58) 


(1) 


255  (37) 

I (1) 


. JL 


7 115  (11/76) 


TABLE  7.1.1-ME6 


Specification : 

Form: 

Thickness,  cm  (in.): 
Condition: 


A553-I 

Plate 

0.635  to  1.269  (0.250  to  0.499) 

1075  K (1475  F),  WQ.  840  K (1050  F),  AC  or  WQ 


References  88112, 92996 


7 116  (11/76) 


j 


TABLE  7.1.1-ME7 


Alloy  Designation: 


Specification-. 

Form: 

Thickness,  cm  (in.): 
Condition: 


9Ni  Steel 


A353 

Plate 

0.635  to  1.269  (0.250  to  0.499) 

Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (F) 


297  (75) 


77  (-320) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  738  (107)  1164  (169)  1594  (231) 

Min  724  (105) 


Avg  634  (92.0)  847  (123) 

Mm  617  (89  5) 


1434  (208) 


RA,  percent  t 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (106psi)  f 

it 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 


TYS,  MN/m2  (ksi) 


Elong,  percent 


RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (io6  pri)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec  (No  of  Heats) 


Refer 92996,  94197 


7.1.1  7 (11/76) 


9Ni  Steel 

Alloy  Designation:  9Ni  Steel 

TABLE  7.1.1ME8 

Plate 

Specification:  ASTM  a553  I 

Form:  Plata 

Thickness,  cm  (in,):  0.635  to  1.269  (0.250  to  0.499) 

Condition:  1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ 


297  (75) 


Testing  Temperature,  K (Fi 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi) 

No  of  Spec  (No.  of  Heals) 

Ec,  GN  /m2  ( 10®  psi) 

No  of  Spec  (No.  of  Heats) 

Compression,  Transverse 


CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heals) 

Shear(a) 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec  (No.  of  Heals) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No  of  Spec  (No  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No  of  Spec,  (No.  of  Heals) 

Fracture  Toughness^ 

K,c  MN/in^lksi/  in.)  Avg 

Mm 

Orientation.  - 

No  of  Spec  (No.  of  Heals) 

K)£,  MN/m^iksi/in.)  Avg 

(From  PTSC  spec  )(  — )Min 

No  of  Spec.  (No  of  Heats) 

References:  41531 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


Avg 

115 

(85.1) 

Min 

100 

(77) 

1 

9 

(1) 

Avg 

89.5 

(66.3) 

Min 

80 

(59) 

1 

9 

(1) 

\SM\ 


16;* 


7 IIS  (11/76) 


TABLE  7.1.1-ME9 


n 


Alloy  Detonation:  O.-ii  Steel  (Weld  Metal) 


Specification : 

Form: 

Thickness,  cm  (in.): 
Condition: 


ASTM  A553-I 

Plate-MIG  Welded,  Inco  Weld  A covered  electrode 
0.635  to  1 .269  (0.250  to  0.499) 

Plate  1075  K (1476  F).  WQ;840  K (1050  F).  AC  or  WQ;  welded;  tested  as  welded 


9Ni  Steel 
Plate-Weld  Metal 


Testing  Temperature,  K (F) 

297(75) 

77  (-320) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  ot  Spec.  (No.  of  Heais! 

Ec,GN/m2(106psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heais) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Ec,  GN/m2  { 10®  psi)  Avg 

Min 

No  of  Spec  (No,  of  Heats) 

Shear  M 

SUS.  MN/m2  (k;;>  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness^) 

K|c  MN/m^^lksiy  in.)  Avg 

Mm 

Orientation  — 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m^2(ksi/m.)  Avg 

(From  PTSC  spec.)!  — )Mm 
No.  of  Spec.  (No.  ot  Hea's) 

58.1  (43.0)' 

>1 

References:  90537 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 

* A corresponding  average  Charpy-V  impact  value  of  48.6  Nm  (36.0  ft-lb)  was  measured  for  stress-relieved  speciments  of  the 
same  type. 


•5  '?*.  i< 


7.1  19  (11/76) 


TABLE  7.1.1-ME1Q 

Alloy  Designation:  9Ni  Steel  (Weld  Metal) 

Specification:  ASTM  A553-I 

Form:  Plate-Pulse  MIG  Welded, Inconel  92  filler  alloy 

Thickness,  cm  tin.):  0.635  to  1.269  (0.250  to  0.499) 

Conditton:  Plate  1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ;  Welded;  tested  as  welded 


9Ni  Steel 
Plate-Weld  Metal 


References  88112 


1?<< 


7 1 1 10(11/76) 


Alloy  Designation: 

9Ni  Steel  (Weld  Metal) 

TABLE  7.1.1-ME11 

9Ni  Steel 
Plate-Weld  Metal 

f*.  y 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 

ASTM  A553-I 

Plate-shielded  MIG  welded.  Incoweld  B filler  alloy 
0.635  to  1.269  (0.250  to  0.499) 

Plate  1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ,  welded;  tested  as  welded 

Testing  Temperature,  K (F) 

297 (75) 

1 77  (320) 

I 1 "1 

Tension,  Longitudinal 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Sid  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  ol  Spec.  (No,  ol  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Hoats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No  of  Spec  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

718.4  (104.2 

690.9  0 00.2 


0) 


No  of  Spec  (No.  of  Heats) 


919.1  (133.3) 
896.3  030.0) 


0) 


References:  88112 


7 1.1  11  01/76) 


•1 


9Ni  Steel 

TABLE  7.1.1  ME12 

Plate 

Alloy  Designation: 

9Ni  Steel 

Specification:  ASTM  A353 

Form:  Plate 

Thickness,  cm  (in.):  0,635  to  1.269  (0.250  to  0.499) 

Condition.  Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


297 (75) 


Testing  Temperature,  K (F) 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi) 

No  of  Spec  (No  of  Heats! 

Ec,  GN  /m2  (10®  psi) 

No  of  Spec  (No  ot  Heats) 

Compression,  Transverse 


CYS,  MN/m2  (ksi)  Avg 

Min 

No  ot  Spec  (No  or  Heats) 

Ec,  GN/m2  (106  psi)  Avg 

Min 

No  ot  Spec  (No  Ot  Heats) 

Shear<a> 

SUS.  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec,.  I No.  ot  Heals) 

G.  GN/m2  (106  ps.)  Avg 

Mm 

No  ot  Spec  (No.  ot  Heats) 

Impact,  Ch^-py  V 

Long.,  Nm( ft  lb)  Avg 

Mm 

No  ot  Spec  (No.  of  Heats) 

Trans.,  Nm(ftlb)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m^2(ksi/in.)  Avg 

Mm 

Or  ientauon 

No  of  Spec.  (No.  of  Heats) 

Kje,  MN/m3/2(k*i/in.)  Avg 

(From  PTSC  spec.K  - )Min 
No.  of  Spec.  (No.  of  Heats) 

References:  41531 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 


i?  •;< 


7 1,1  12  (11/76) 


TABLE  7.1.1  ME13 


9Ni  Steel 
Plate  Weld  Metal 


Alloy  Designation:  9Ni  Steel  (Weld  Metal? 

Specification:  ASTM  A353 

v > Form:  Plate-MIG  welded.  Incoweld  A covered  electrode 

Thickness,  cm  {in.):  0.635  to  1 .269  {0.250  to  0.499) 

Condition:  Plate,  Double  Normalized  at  1175  K (1650  F)  and  1060  K {1450  F)  and  tempered  at  840  K {1050  F);  welded; 

tested  as  welded 


Testing  Temperature,  K (F) 

297 (75) 

77  (320) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec  (No  of  Heals) 

Ec,  GN/m^  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Compression,  Transverse 

CYS,  MN/n>2  (ksi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Ec,GN/m2(106psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Shear  1*) 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  Of  Heats) 

G,  GN/n»2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Impact.  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec  (No  of  Heats) 

Trans.,  Nm(ft-tb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness'*3' 

K|c  MN/mS/Zflcsj/jn.)  Avg 

Mm 

Orientation. 

No.  of  Spec  (No.  of  Heats) 

K|£,  MN/mS/Zjfcjj/in ) Avg 

(From  PTSC  spec  )(  — )Mm 

No.  of  Spec  (No.  of  Heats) 

47.9  (35.5)* 

>1 

References:  90537 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 

* A corresponding  averages  Charpy-V  impact  value  of  59.4  Nm  (44.0  ft-lb)  was  measured  for  stress-relieved  specimens  of  the 
same  type. 


■1?  i< 


7.1.1  13  (11776) 


Specification: 

Form: 

Thickness,  cm  (m.): 
Condition. 


A553-J 

Plate 

1.270  to  2.540  (0.500  to  1.000) 

1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ 


Tension,  Longitudinal 


TUS,  MN/m2  Iksi) 

Avg 

Min 

St J Deviation 

TYS.  MN/m2  (ksi) 

Avg 

StJ  Deviation 

Elong,  percent 

Avg 

Min 

RA.  percent 

Avg 

Min 

No  ot  Spec  (No 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coel 

NTS,  MN/m2  (ksi) 

Avg 

Ki- 

Min 

no.  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

*t  = 

Mm 

No  of  Spec  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Stif  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt  * 

Mm 

No  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

No  Spec  (Mo  of  Meats) 

References:  76974.92996 


31.5(4.57) 


590  (86.1) 
38.6  (560) 


917  (133)  972 


834  (121)  862 


7.1.1  14  (11/76) 


{ 

s 


E 


t 


; 

f 


TABLE  7.1.1-ME15 


9Ni  Steel 
Plate 


Alloy  Designation: 9Ni  Steel 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


A553-I 

Plate 

1.270  to  2.540  (0.500  to  1.000) 

1075  K (1475  F),  WQ,  840  K (1050  F),  AC  or  WQ 


Testing  Temperature,  K (F) 

297  (75) 

77  ( 320) 

n 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2(106psi)  Avg 

Min 

No  of  Spec  (No  ot  Heatsl 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No  ot  Spec.  (No.  of  Heats) 

£c,GN/m2(10®psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Shear(a) 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec  (No  ot  Heats) 

G.  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness^ 

K(c  MN/m3/2(ksi/ in.)  Avg 

Mm 

Orientation 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m3/2(ksi/ in.)  Avg 

(From  PTSC  spec.)!  - )Mm 
No.  of  Spec.  (No.  of  Heats) 

153  (113) 

1 

107  (79) 

1 

71.4  (52.9) 

39.3  (29) 

12  (5) 

34.3  (25.4) 

30  (22) 

7 (2) 

References:  41531,92996,96686,96700 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


i 


t| 


i 


■1 


? • ;< 


7.1  1 15  (11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in  ): 
Condition: 


TABLE  7.1.1  ME16 


9Ni  Steel 
Plate 


A 353 
Plate 

1.270  to  2.540  (0.500  to  1.000) 

Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (F) 
T ension,  Longitudinal 


297 (75) 


TUS.  MN/m2  (ksi) 

Avg 

772 

(112) 

Mm 

710 

(103) 

Std 

Deviation 

35.8 

(4.90) 

TYS.  MN/m2  (ksi) 

Avg 

624 

(90.51 

Mm 

498 

(72.2) 

Std 

Devotion 

52.8 

(7.66) 

Eiong,  percent  t- 

\ 

RA.  percent  t 

\ 

No  of  Spec  (No.  Of  Heats) 

E.  GN/m2  (10s  psi)  ( 

No.  of  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  fi 

Kt=6.4  N 

No  of  Spec  (No.  of  Heats) 


68.8 

64.0 

16  (7) 


Avg  945  (137) 

Mm  938  (136) 

5 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  ol  Spec.  (No.  of  Heals) 

Te  nsio  n,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Etong,  percent  Avg 


-150)  123 


906.7  (131.5)  979 


(-240) 

77 

(-320) 

20 

(-423) 

(142) 

1179 

1089 

(171) 

(158) 

1390 

1330 

(202) 

(193) 

(121) 

945 

793 

(137) 

(115) 

1210 

1140 

(175) 

(166) 

(2)  11 


1310  (190) 

1210  (176) 

5 (1) 


RA,  percent  Avg 

Mm 

No  of  Spec  (No  ol  Heats) 

E.  GN/m2  (10s  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  * Mm 

No  of  Spec  (No  of  Heats) 

NTS.  MN//n2  (ksi)  Avg 

K,  * 1 Mm 

No  of  Spec  (No  of  Heats) 

References:  64373,  76974.  92996 


7.1.1  16  (11/76) 


9Ni  Steel 

TABLE  7.1.1-ME17 

Plate 

Alloy  Designation: 

9Ni  Steel 

Specification: 

Form: 

Thickness,  cm  l in.): 
Condition: 


A353 

Plate 

1.270  to  2.540  (0.500  to  1.000) 

Double  normalized  at  1175  K (1650  F>  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (F) 
Compression,  Longitudinal 


CYS,  MN/m2  (k-i) 

No.  of  Spec,  l No.  ol  Heats) 

Ec,GN/m2(106  psi) 

No  of  Spec.  (No  of  Heats! 

Compression,  Transverse 


1 

CYS,  MN/m2  (ksi) 

I 

No.  of  Spec.  (No.  of  Heats) 

I Mill  HI  Mill  lil 

■ 

Ec,  GN/m2  (10®  psi) 

; 

No  of  Spec  (No.  of  Heats! 

Shear^ 

SUS,  MN/m2  (ksi) 

No.  of  Spec.  (No  of  Heats! 

G,  GN/m2  (10®  psi) 

No.  of  Spec  (No  of  Heats) 

Long.,  Nm(ft-lb) 

No.  of  Spec.  (No  c,f  Heats! 

Trans.,  Nm(ft-lb) 

No.  of  Spec  (No  of  Heats) 


Avg  130  (95) 

Min  1 


Fracture  Toughness^) 

K|c  MN/m3/2(ksi/in.)  Avg 

Min 

Orientation  — 

No  of  Spec  (No.  of  Heats) 

K|£,  MN/m3/2(kjj/(n.)  Avg 

(From  PTSC  spec.M  - IM.n 
No.  of  Spec.  (No  of  Heats) 

References:  41531,91978,92996 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 


7 1.117  (11/76) 


9Ni  Steel 

TABLE  7.1. 1-MR18  Plat* 


Alloy  Designation:  9Ni  Steel 

Specification:  ASTM  A553-I 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  1075  K (1475  F),  WQ;840  K (1050  F),  AC  or  WQ 


Testing  Temperature,  K (F) 

297 (75) 

77  (-320) 

Fatigue.  Flexural  Loading 

Sfsj  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R « and  Kt  3 

Mo  of  S N Curves  (No  of  Heats) 

Ratio  $n/TUS  at  10®  cycles 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  60.  Hz 
with  R = -1  and  Kt  = 1 

No  of  S-N  Curves  (No  ol  Heats) 

539  (78.2) 

1 

613  (88.9) 

1 

Ratio  Sn/TUS  at  10®  cycles 

0.66 

0.75 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  60,  Hz 
with  R = -1  and  = 1 

No  of  $ N Curves  (No.  of  Heats) 

495  (71.8) 

1 

Ratio  Sn/TUS  at  107  cycles 

0.61 

Fatigue,  Flexural  Loading 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R 3 and  Kt  3 

No  of  S N Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10s  cycles 

SW  at  10°  cycles,  MN/m2(ksi) 
Loading  frequency  60.  Hz 
with  R = -1  and  Kt  = 7.1 

No  of  S-N  Curves  (No  of  Heats) 

225  (32.7) 

1 

402  (58.3) 

1 

Ratiu  Sn/TUS  at  106  cycles 

0.28 

0.49 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  60.  Hz 
with  R = -1  and  Kt  = 7.1 

No  of  S-N  Curves  (No  of  Heats) 

221  (32.0) 

1 

Ratio  Sn/TUS  at  107  cycles 

0.27 

9Ni  Steel 

Alloy  Designation:  9Ni  Steel 

TABLE  7.1.1  ME19 

Plate 

Specification:  ASTM  A353 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.S40  (0.500  to  1.000) 

Condition:  Double  normalized  at  1 175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K ( 1050  F) 


Testing  Temperature,  K (F) 


Fatigue,  Flexural  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 
with  R = and  = 

No  of  S-N  Curves  (No  of  Heats) 

Ratio  Sfg/TUS  at  105  cycles 

Sfg  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  60.  Hz  578  (83.9) 

with  R * -1  and  Kt  = 1 

No  of  S-N  Curves  (No  of  Heats)  1 

Ratio  Sfg/TUS  at  10®  cycles  0.70 

S|g  at  IQ2  cycles,  MN/m2(ksi) 

Loading  frequency  60.  Hz  544  (78.9) 

with  R = -1  and  Kt  = 1 

No  of  S-N  Curves  (No  of  Heats)  1 

Ratio  Sfg/TUS  at  107  cycles  0.66 

Fatigue,  Flexural  Loading 

S^  at  10®  cycles,  MN/m2(ksi) 

Loading  frequency  Hz 
with  R * and  K,  = 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  10®  cycles 

Sfg  at  10®  cycles,  MN/m2{k*i) 

Loading  frequency  60.  Hz  245  (35.6) 

with  R * -1  and  Kt  * 7.1 

No.  of  S-N  Curves  (No.  of  Heats)  1 

Ratio  Sfg/TUS  at  10®  cycles  0.30 

Sfg  at  107  cycles,  MN/m2(ksi) 

Loading  frequency  60.  Hz  235  (34.1) 

with  R - -1  and  Kt  = 7.1 

No  of  S-N  Curves  (No  of  He- '.si  1 

Ratio  Sfg/TUS  at  107  cycles  0.29 

References:  76974 


7.1.1-19(11/7  5) 


TABLE  7.1.1  ME20 


9Ni  StMl 
Plate -Wold  Metal 


Alloy  Designation-  9Ni  Steel  (Weld  Metal) 


Specification:  ASTM  A353 

Form:  Plate-MIG  welded,  Incoweld  A covered  electrode 

Thickness,  cm  (in.):  1.270  to  2.540  10.500  to  1.000) 

Condition:  Plate  Double  normalized  at  1175  K <1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K <1050  F);  welded; 

tested  as  welded 


Testing  Temperature,  K (F) 

297  (75) 

77  (-320) 

Compression,  Longitudinal 

CYS.  MN/m2  (ks.)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

F. c,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heals) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec  (No  of  Heals) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Mm 

No  of  Spec  (No  ol  Heats) 

Shear!3' 

SUS.  MN/m2  (ksi)  Avg 

Min 

No  of  Spec.  (No  ol  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec  (No  of  Heals) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

Fracture  Toughness'®' 

Kjc  MN/m^lksiJ  in.)  Avg 

Mm 

Orientation 

No  of  Spec  INo.  ol  Heats) 

K|£,  MN/m2(,2(k*i/in.)  Avg 

(From  PTSC  spec.X  - )Mm 
No  of  Spec.  (No  of  Heats! 

89  (66)* 

81  (60) 

>1 

References:  90537 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 

* A corresponding  average  Cbarpy-V  impact  value  of  99  Nm  (73  ft -lb)  was  measured  tor  stress-relieved  specimens. 


7.1.1  20(11/76) 


Alloy  Designation:  9Ni  Steel  (Weld  Metal) 


TABLE  7.1.1-ME21 


9Ni  Steel 
Plate-Weld  Metal 


Specification:  ASTM  A353 

Form:  Plate-MIG  welded,  Inconel  92,  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate-Double  normalized  at  1175  K <1650  F ) and  1060  K (1450  F)  and  tempered  at  840  K (1050  F);  welded; 

tested  as  welded 


Testing  Temperature,  K (F) 

297 (75) 

77  (320) 

Compression,  Longitudinal 

CVS,  MN/m2  (ksi)  Avg 

Mm 

No  o!  Spec.  (No  of  Heals) 

Ec.  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec  INo  ol  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Shear(a) 

SUS.  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heals) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec  (No  of  heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness^®} 

K|c  MN/m3/2(fcjj/jn.}  Avg 

Mm 

Orientation  — 

No  of  Spec.  (No.  of  Heats) 

K|g,  MN/m3/2(ksi/in.)  Avg 

(From  PTSC  spec.K  - )Min 
No  of  Spec  (No.  of  Heats) 

134  (99)* 

130  (96) 

>1 

References:  90537 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 

• A corresponding  average  Charpy-V  impact  value  of  130  Nm  (96  ft-lb)  was  measured  for  stress-relieved  specimens. 


7.1.1-21  (11/76) 


TABLE  7.1.1-ME22 


9Ni  Steel 
Plate 


Alloy  Designation: 


Specification: 

A553-I 

Form: 

Plate 

Thickness,  cm  (in.): 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

1075  K '1475  F),WQ;  840  K (1050  F),  AC  or  WQ 

Testing  Temperature,  K <F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

765 

(111) 

Mm 

710 

(103) 

Std 

Deviation 

30.1 

(4.36) 

TYS,  MN/m2  (ksi) 

Avg 

710 

(103) 

Mm 

650 

(94) 

Std 

Deviation 

40.5 

(5.87) 

Elong,  percent  Avg 

Win 

RA,  percent  Avg 

Wm 

No  of  Spec,  (No  of  Halts) 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


123 

(-240)  1 

108  (-265) 

ar: 

1007 

(146) 

1034 

(150) 

1124 

924 

(134) 

965 

(140) 

1062 

910 

(132) 

924 

(134) 

1000 

820 

(119) 

841 

(122) 

940 

RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  ’ Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec  (No.  of  Heats) 


References:  91978,92996 


7.1.1-22  (11/76) 


9Ni  Steel 

TABLE  7.1.1-ME23 

Plate 

Alloy  Designation: 

9Ni  Steel 

Specification: 

A553-I 

Form: 

Plate 

Thickness,  cm  (in.); 

2.541  to  5.080  (1.001  to  2.000) 

Condition: 

1075  K (1475  F),  WQ;  840  K <1050  F),  AC  or  WQ 

Testing  Temperature.  K (F) 


297 (75) 


-240)  108  1-265)  77 


Compression,  Longitudinal 
CYS,  MN/m2  (ksi) 


No  of  Spec.  (No.  of  Heats) 

Ee,  GN  /m2  1 10®  psi)  / 


No  of  Spec.  (No.  of  Heats) 


Compression.  Tram 
CYS,  MN/m2  (ksi) 


No.  of  Spec  (No.  of  Heats) 

£c,  GN/m2  (106  psi)  / 


No  of  Spec.  (No.  of  Heats! 

Shear^ 

SUS,  MN/m2  (ksi)  / 


No.  of  Spec.  (No  of  Heats) 

G.  GN/m2  (106  psi)  / 


No  of  Spec.  (No  of  Heats) 


Long.,  Nm(ft-lb)  Avg  132 

Mm  127 

No.  of  Spec.  (No  of  Heats)  2 


102  (75.6)  92.5  (68.5)  70.2  (52.0 

70.  f (51.9)  68.0  (50.4)  49.0  (36.3 

3 (3)  4 (4)  5 (5) 


Trans.,  Nm(fMb) 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness!13) 


Fracture  Toughnessl*31 

K|c  MN/m^lksiJ  in.)  Avg 

Min 

Orientation-  - 

No.  of  Spec.  (No  of  Heats) 


K|£,  MN/m2^2(ksi/in.)  Avg 

(From  PTSC  spec.)!  — )Min 
No  of  Spec.  (No.  of  Heats) 


References:  91978,92996 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 


7.1.1-23  (11/76) 


! 


Alloy  Designation 


TABLE  7.1  1ME24 


9Ni  Steel 
Plate 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


A 353 
Plate 

2.541  to  5.080  (1.001  to  2.000) 

Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS.  MN/m2  (ksi) 

Stci  Deviation 

Elong,  percent 


Avg  752  (109) 

Mm  682  (98.9) 


Avg  647  (93.9) 

Mm  498  (72.2) 


1076  (156)  1090  (158)  1160 

1091  (151)  1020  (148)  1090 


(125  ) 841  (122)  917 

(121)  717  (104)  793 


RA.  percent  t 

It 

No  ot  Spec.  (No  of  Heats) 

E.  GN/m2  (106  psi)  f 


No  ol  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec  (No  of  Heats! 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension.  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 


TYS,  MN/m2  (ksi) 


Std  Deviation 


Elong,  percent 


RA,  percent  / 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi)  t 

Ji 

No  of  Spec  (No  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec  (No  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 


7.1.1-24(11/76) 


References;  91978,92996 


9N  i Steel 

TABLE  7.1.1-ME25 

Plate 

Alloy  Designation: 

9Ni  Steel 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


A 353 
Plate 

2.541  to  5.080  (1.001  to  2.000) 

Double  normalized  at  1175  K (1650  F)  and  1060  K (1450  F>  and  tempered  at  840  K (1050  F) 


Testing  Temperature.  K (F) 


297 (75) 


Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS.  MN/m2  (ksi)  Avg 

Min 

No  of  Spec  (No  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Shear 

SUS,  MN/m2  (ksi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

Impact,  Charpy  V 

Long.,  Nm(ft-lb)  Avg  109  (80.7) 

Min 

No.  of  Spec  (No.  of  Heats)  1 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness!®) 

K|C  MN/m3/2(ksi7  in.)  Avg 

Mm 

Orientation  — 

No,  of  Spec  (No.  of  Heats) 

K|g,  MN/m2^2(ksiy/'in.)  Avg 

(From  PTSC  spec.M  - )Min 
No  of  Spec  (No.  of  Heats) 

References:  91978,92996 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


123  ( 240)  108  (-265)  77 


102  (75.6)  70.7  (52.4)  53.3 

88.0  (65.2)  52.0  (38.5)  37.0 

2 (2)  4 (4)  4 


)8v.» 


7.1.1-25(11/76) 


9Ni  Steel 

TABLE  7.1.1-ME26 

Plate 

Alloy  Designation: 

Specification: 

A553T 

Form: 

Plate 

Thickness,  cm  (in  ): 

Over  5.080  (2.000) 

Condition: 

1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  <ksi> 

Std  Deviation 

Elong,  percent 


Avg  758  (110) 

Mm  ^10  (103) 


Avg  628  (91.1) 

Mm  600  (87.0) 


1165  (169) 
1131  (164) 


834  (121)  869  (126) 

841  (122) 


RA,  percent  Avg  I 

Mm  | 5 

No  ol  Spec  (No.  of  Heats) 

e,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (k.-.i)  Avg 

Kt  = Min 

No.  of  Spec  tNo.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg  | 

Mm  j 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg  I 

Mm  | 

No  of  Spec.  (No  ol  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  “ Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg  . 

Kt  * Mm  I 

No  of  Spec.  (No  of  Heats) 

References:  91978,  92996,  96684 


7.1.1-26  (11/76) 


9Ni  Steel 

TABLE  7.1.1-ME27 

Plate 

Alloy  Designation: 

9Ni  Steel 

Specification: 

A553-I 

Form: 

Plate 

Thickness,  cm  (in.): 

over  5,080  (2.000) 

Condition: 

1075  K (1475  F).  WO,  840  K (1050  F),  AC  or  WQ 

Testing  Temperature,  K ( F)  I 297  (75) 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi) 

No  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(10®psi) 

No  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 


CYS.  MN/m2  (ksi) 

No.  of  Spec  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi! 

No  of  Spec.  (No.  of  Heats) 

G.GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 


Long.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-fb| 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^) 


Jlc  KJ/m2(in.-lb/in.2)  Avg 

Min 

Orientation  ~ 

No  of  Spec.  (No.  of  Heats) 

K|£,  MN/m2/,2tksi/in.)  Avg 

(From  PTSC  spec.))  - )Min 
No  of  Spec.  (No.  of  Heats) 

References:  92296,96684 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


(-265)  77 


7.1.1-27(11/76) 


Testing  Temperature,  K { F) 


297 


195  (108) 


77  (-320) 


20  (423) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 


Avg  865  (125) 

Mm  855  1124) 


Avg  816  (118) 

Min  808  (117) 


1010  (146) 

1005  (146) 


894  (130) 

880  (128) 


1235  (179)  1509  (219) 

1219  (177)  1501  (218) 


1101  (160) 

1098  (159) 


1436  (208) 

1423  (206) 


Elong,  percent 


RA.  percent 


No  of  Spec.  (No.  of  Heats) 

E,  GN/m2(106psi)  7 

t' 

No  of  Spec.  (No.  of  Heats) 


47.8 

369 
3 (1) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Soec.  (No  of  Heats) 

References:  54986 


•i8H< 


7.1.1-28  (11/76) 


■ 


9Ni  Steel 

Alloy  Designation:  9Ni  Steel 

TABLE  7.1.1-ME29 

Forgings 

Specification: 

ASTM  A553-I 

Form: 

Forgings 

Thickness,  cm  (in.): 

Over  5.080  (2.000) 

Condition: 

1075  K (1475  F),  WQ;  840  K (1050  F),  AC  or  WQ 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


123  ( -240)  j 108  (-265)177  (-320) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt  - 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No 

of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  " 

Mm 

Avg  770  (112)  1060  (154)  1090  (158)  1210  (176) 


Avg  650  (94)  770  (112)  800  (116)  920  (133) 


No.  of  Spec,  (No.  of  Heats) 

References:  91978 


7.1.1-29  (11/76) 


TABLE  7.1.1-ME31 

Alloy  Designation:  9Ni  St— I 


Specification:  ASTM  A353 

Form:  Forgings 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  Double  normalised  at  1175  K (1650  F)  and  1060  K (1450  F)  and  tempered  at  840  K (1050  F) 


9Ni  Steel 
Forgings 


297 (75) 


Testing  Temperature,  K tF) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  oi  Spec.  (No.  of  Heats) 

Lc.  GN  /m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear  M 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 


Long.,  Nm(*Mb)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

Kjc  MN/m3/2(ksi»/in.)  Avg 

Mm 

Orientation  - 

No.  of  Spec  (No.  of  Heats) 

K|e,  MN/m^2(kti/in.)  Avg 

(From  PTSC  spec.)(  — (Min 
No.  of  Spec.  (No.  of  Heats) 

References:  91978 

(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  indicate  specimen  design  for  K|e  data: 


(-265)  77  (-320) 


(49)  73  (99) 

48  (65) 

2 (2) 


40  .v 


7.1.1-31  (11/76) 


J 


Growth  Rate,  da  /dN,  mm/cycle 


Stress  Intensity  Factor  Ranqe,  AK,  ksi  >/mT 

40  60  80  100  200  400  600  8001000 


*2* 

• 

4 

A 

• 

1 

W 

• 

a 

- 297  K (75  F) 

l 

w 

• 

• 77  K (-320F) 

••  A A 

a 4 K (-452  F) 

22  44  66  88  110  220  440  660  880  1100 

Stress  Intensity  Factor  Ranqe,  AK,  Mn/m3/z 


FIGURE  7.1.1-ME2.  FATIGUE  CRACK  GROWTH  RATES  OF  9Ni  STEEL  (ASTM  A553-I) 
AT  297,  77  AND  4 K(94208D) 


7.1.1-33(11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  inch/cycle 


Fatigue  Crack  Growth  Rate, da/dN, mm/cycle 


Fatigue  Crack  Growth  Rate tda/dN,  inch/cycle 


I06 

Fatigue , cycle 


FIGURE  7.1.1-ME4.  FATIGUE  LIFE  CURVES  FOR  FLEXURAL  (ROTATING  BEAM)  LOADING  ON 
1.269  cm  (0.25  in.)-THICK  NOTCHED  SPECIMENS  OF  WELDED  AND 
UNWELDED  9NI  STEEL  AT  77  K (-320  F)  [82112]  irj.v 


7.1.1-35(11/76) 


TABLE  7.1.1-TR1 

9Ni  Steel 

Alloy  Designation:  9Ni  Steel 

Specification:  ASTM  A353 

Form: 

Dimension: 

Condition:  Double  Normalised  and  Tempered 


Testing  Temperature  K (F) 


{-280}  50 


-370)  20 


{•423}  10  (-442) 


Thermal  Conductivity 

Wans  m'1  K'1 
Btu  hr'1  fr1  F"1 
No  of  Spec 
References:  90537 

Thermal  Expansion  (T77 
Longitudinal 

Percent 

No,  of  Spec, 

References:  90537 

Specific  Heat 

Joules  kg-1  K_1 
Btu  lb'1  F'1 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 

No  of  Spec. 

References: 


7.1.1-36  (11^76) 


TABLE  7.1.1-MA1 


Alloy  Designation:  9Ni  Steel 


Specification: 

Form: 


ASTM  A353 


Thickness,  max;  cm  (in.):  5.08  (2.0) 


Condition: 


Double  normalized  and  tempered 


293  (68) 


273  (32) 


+73  (-148)  87  (-303) 


Testing  Temper- 
ature, K (F) 


Magnetic  Properties 

Susceptibility,  k 0.21  0.22  0.25  0.28 

Permeability*,  p 15.21  x 10“7  15,28  x 10~7  15.68  x 10"7  16.08  x 10 


Reference:  90537 


B,/H;  H = 16,700  Oe 


7.1.1-39(11/76} 


18Ni  (200) 
Maraging  Steel 


TABLE  7.1.2-ME1 

Alloy  Designation.-  18Ni  (200)  Maraging  Steel 


Specification: 

Form:  Plate 

Thickness,  cm  (in.):  0.63S  to  1.269  (0.250  to  0.499) 

Condition:  Annealed  1090  K (1500  F)  1 hr,  AC,  aged  756  K (900  F)  3 or  4 hr 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kj  = 6.3  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


297 

(75)  1 

77 

(320) 

1 20 

(423) 

— 

1486 

(216) 

1952 

(283) 

2121 

(308) 

1470 

(2i3) 

1930 

(280) 

2050 

(297) 

1449 

(210) 

1882 

(273) 

2115 

(307) 

1380 

(200) 

1855 

(269) 

2040 

(296) 

9 

8 

5 

7 

6 

5 

5 

(2) 

5 

(2) 

3 

(1) 

186 

(27.0) 

202 

(29.3) 

185 

(26.9) 

201 

(29.1) 

2 

(1) 

2 

(D 

1850 

(268) 

2450 

(355) 

2480 

(359) 

1830 

(265) 

2310 

(335) 

2360 

(342) 

5 

(1) 

9 

(1) 

6 

(1) 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  'No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K{  * Min 

No.  of  Spec.  (No.  of  Heats) 

References:  83169,  90115 


7.1.2- 1 (11/74) 


18Ni  (200) 

”1 

TABLE  7.1.2-ME1.1 

Plate-Weld  Metal 

Alloy  Designation: 

18Ni  (200)  Maraging  Steel  (Weld  Metal) 

Specification: 

Form:  Plate-TIG  welded,  18Ni  Maraging  steel  filler 

Thickness,  cm  (in.):  0.635  to  1.269  (0.250  to 0.499) 

Condition;  Plate  aged  760  K 1905  F)  4 hr,  AC;  welded,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1490 

1480 

(216) 

(215) 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1440 

1430 

(209) 

(208) 

Elong,  percent 

Avg 

Mm 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

2 

(1) 

E,  CN/m2  (10®  psi) 

Avg 

Mm 

177 

(25.7) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong.  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No  of  Spec.  (No.  of  Heats) 

References:  90115 

50,X 


7. 1.2-1. 1 (11/76) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Etong,  percent 

Avg 

Mtn 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <106  psi) 

Avg 

Min 

No  of  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

«t  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

, Mm 

No.  ot  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (TO6  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K»- 

Min 

No  of  Spec.  (No.  of  Heats) 


297  (75) 


1569  (228) 

1530  (222) 


1516  (220) 

1470  (213) 


16 

13 


4 (2) 

185  (26.8) 

183  (26  5) 

4 (2) 


77  (-320) 


2019  (293! 

1980  (288) 


1951  (283) 

1910  (277) 


13 

12 


4 (2) 

195  (23.2) 

192  (27.9) 

4 (2) 


References:  90115 


7.1 .2-2  (11774) 


18Ni (200) 

TABLE  7.1.2-ME2.1 

Plate 

Alloy  Designation: 

l8Ni  (200)  Maraging  Steel 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.) : 

1.270  to  2.540  (0.500  to  1.000) 

Condition: 

Aged  at  760  K (905  F)  3 hr. 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS.  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 


77  (-320) 


2274  (329.8) 
2250  (326-4/ 


2214  (321.1) 
2198  (318.8) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Har  .ening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


RA  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (106  psi)  Avg 

Mm 

No.  of  Spec.  I No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No  of  Spec.  (No.  of  Heats) 

References:  90624 


7.1. 2-2.1  (11/75) 


18Ni (200) 

TABLE  7.1.2  ME3  Plate 

Altoy  Designation: 18Ni  (200)  Maraqing  Steel 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Annealed  and  aged  at  760  K (905  F>  3-4  hr. 


Testing  Temperature,  K (F) 


CYS,  MN/m2  (ksi) 


297  (75) 


77  (-320)  1 


Avg 

Min 


No.  of  Spec.  (No.  of  Heats) 


Ec,  G N /m^  ( 10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(10®psi)  Avg 

Mm 

No  of  Spec.  (No,  of  Heats) 

$he«»rta) 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


G,  GN/m2(10®psi)  Avg 

Min 

■'to  of  Spec.  (No.  of  Heats) 


Impact,  C harpy  V 

Long.,  Nm(ft-lh)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-fb)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

K|c  MN/m3/2j|(ji/in.)  Avg 

Mm 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m2/2(it,i/ jn.)  Avg 

(From  PTSC  spec.)!  — )Min 
No.  of  Spec.  (No.  of  Heats) 


36.8  (40.2) 

28.8  (31.6) 

10(2) 

77.4  (70.8) 
68.7  (62.9) 
6 12) 


References:  90624 


(8)  Indicate  specimen  design  and  orientation  for  shear  specimens: 
(b)  Indicate  specimen  design  for  Kjc  data.  Compact  Tension 


7. 1.2-3  (11/75) 


mmm 


TABLE  7.1.2-MF4 


Alloy  Designation:  18Ni  (200)  Maraging  Steel 


Specification: 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  Annealed  1175  K (1650  F)  2 hr.  AC.  annealed  1060  K (1450  F>  2 hr,  AC,  aged  756  K (900 


Testing  Temperature  K (F) 


Tension,  Longitudinal 


297  (75)  195  (-108) 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  ol  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

St<».  Deviation 

TVS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  1460  (212)  1610  (234)  1930  (280) 

Mm 


Avg  1420  (206)  1580  (230)  1870  (271) 

Mm 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  =*  Mm 

No  ol  Spec.  (No.  of  Heats) 

References:  80994 


7. 1.2-4  (11/74) 


18Ni  (200) 
Plate 


TABLE  7.1.2ME5 


Alloy  Designation:  l8Ni  (200)  Maraging  Steel 


Specification  : 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  Annealed  1175  K (1650  F)  2 hr,  AC,  annealed  1060  K (1450  F)  2 hr,  AC,  aged  756  K (900  F, 


2 hr 


Testing  Temperature,  K (F) 


Compression.  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 


Ec,  GN  /m2  (10®  psi) 

No  of  Spec  (No  of  Heats) 

Compression,  Transverse 
CYS,  MN/m2  (ksi) 

No  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (106  psi) 

No.  of  Spec.  (No.  of  Heats) 

Shear  (a^ 

SUS,  MN/m2  (ksi) 

No  of  Spec.  (No  of  Heats) 

G,  GN/m2  (106  psi) 

No  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V 
Long.,  Nm(ft-lb) 

No.  of  Spec  (No  of  Heats) 

Trans.,  Nmfft-lb) 

No  of  Spec  (No  of  Heats) 

Fracture  Toughness^) 

Klc  MN/m3/2(ksi/in.) 

Orientation  T • L 
No.  of  Spec.  (No.  of  Heats) 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Min 


Avg 

Mm 


Avg 

Mm 


Avg 

Min 


Avg 

Min 


K|g.  MN/m3/2 (ksi/ in.)  Avg 

(From  PTSC  spec.M  — )Mm 
No  of  Spec  (No  of  Heats) 

References:  80994 


297  (75) 


186 

184 


195  (-108) 


(170) 

179 

(164) 

85.0 

(78.7) 

(1681 

173 

(158) 

80  3 

(73  5) 

(1) 

3 

(1) 

3 

d) 

77 


(-320) 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data:  Precracked  bend  specimens. 


7. 1.2-5  (11/74) 


J 


Stress,  MN/m 


TABLE  7.1.2-TR  1 


Alloy  Designation:  jfOI 


Specification: 


Dimension 

Condition: 


Testing  Temperature  K (F> 


Thermal  Conductivity  ^ ) 

Watts  m*1  K-^2) 

Btu  hr"1  ft*1  F*1 
Watts  m1  K*l(31 
Btu  hr*1  ft*1  F*1 

No.  of  Spec. 

References:  96888 

Thermal  Expansion  IT; 
Longitudinal 

Percent 

No  oi  Spec, 

References : 

Specific  Heat 

Joules  kg*1  K*1 
B:u  lb"1  F*1 

No.  of  Spec. 

References: 

Electrical  Resistivity 


Ohm  m 

Ohm  circular  mil  ft*1 

No.  of  Spec. 

References: 


Iron  Alloy  18Ni  (200)  Maraging  Steel 


32)  100  (-280)  50 


{•423)  10  (-442) 


15.2 

8.1 

(8.79) 

14.2 

7.7 

(8.21) 

2 

2 

6.7 

2.0 

(4.7) 

(3.9) 

(1.2) 

6.5 

1.9 

(4.4) 

(3.8) 

(ID 

(1)  Material  measured  was  Iron  Alloy  18Ni  (300)  Maraging  Steel. 

(2)  Perpendicular  to  Plate. 

(3)  In  rolling  direction. 


51 ‘i< 


7.1.2-7(11/76) 


Temperature,  K 


FIGURE  7.1.2-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  IRON  ALLOY 
18NI  (200)  MARAGING  STEEL 
(Material  measured  was  Iron  Alloy  18Ni  (300)  Maraging  Steel) 


7.1 .2-8  (11/76) 


Temperature,  K 


O' 


FIGURE  7.3.1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  1010  STEEL 

51  ;< 


7.3.1 -2  (11/76) 


Armco  Iron 

Alloy  Designation:  Armco  Iron 

TABLE  7.4.1  ME1 

Bar 

Specification: 

Form: 

Bar 

Thickness,  cm  (in.): 

Up  to  2.540  (1.000) 

Condition: 

Annealed  and  furnace  cooled  to  0.025  mm  (10‘5  in.)  grain  diam. 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 

26  (-412) 

24  (416) 

17  (429) 

12  (440) 

.879.1  1127.5)  893.6  (129.6)  809.4  (117.4)  923.2  (133.9)  935.6  (135.7 

909.4  (131.9 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poison's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kx  = Mm 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kf  =*  Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


RA.  percent  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  <10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  96682 


ai  i< 


7.4.1-1  (11/76) 


TABLE  7.4.1  TR1 


Alloy  Designation:  Armco  Iron 


Specification: 

Form: 

Dimension: 

Condition: 


Testing  Temperature  K (F) 


<-2801  50 


<-37C)  20 


(-423)  10 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr-1  ft'1  F’1 

No  of  Spec. 

References:  90230 

Thermal  Expansion  (T; 
Longitudinal 

Percent 

No  of  Spec 

References: 

specific  Heat 

Joules  kg-1  K*1 
Btu  lb’1  F"1 

No  of  Spec. 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circu'sr  mil  ft-1 

No  of  Spec. 

References:  90230,96877 


9.59  x 10  8 2.08  x 10  8 9.05  x 109  7.49  x 10  9 7.43  x 109  7.43  x 10'9 

(57.7)  (12.5)  (5.44)  (4.51)  (4.47)  (4.47) 

4 4 4 4 4 3 


51  .Vs 


’.4.1-2  (11/76) 


Thermal  Conductivity,  watts 


FIGURE  7.4.1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOP  ARMCO  IRON 


Thermal  Conductivity,  Btu  hr  ft 


HUghill 


5Ni  Steel 

TABLE  7.4.3-ME1 

Plate 

Alloy  Designation: 

5Ni  Steel 

Specification:  ASTM  A645 

Form:  Plate 

Thickness,  cm  (in.):  0.635  to  1.269  {0.250  to  0.499) 

Condition:  Quenched,  tempemed,  and  reversion  annealed  pet  spec. 


Testing  Temperature,  K (F) 


297(75) 


77  (-320) 


Fatigue.  Axiel  Loading 

Sfj  at  10®  cyclef.  MN/m2(ksi) 
Loading  frequency  Hz 
with  R - and  Kt  “ 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TL'S  at  10®  cycles 

Sfsj  at  IQ6'  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  * 

No  of  S-N  Curves  (No  of  Heats! 

Ratio  Sfg/TUS  at  10®  cycles 

Sfj  at  107  cydes,  MN/rr2(ksi) 
Loading  frequency  Hz 

wit1-  R = and  Kt  = 

No.  of  S-N  Curves  (No.  ol  Heats) 

Ratio  Sjg/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sfj  at  107  cycles,  MN/m2{ksi) 
Loading  frequency  166  Hz 
with  R = -1  and  K,  * 2,7 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  tO7  cycles 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  166  Hz 
with  R = -1  and  K*  = 2.7 

No.  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 


228  (33.0) 

1 

0.21 

200  (29) 


References:  96687 


7.4. 3-1  (11/76) 


Testing  Temperature,  K (F) 


297  (75) 


105 


,-270)  77  (-320) 


Compression,  Longitudinal 


CYS,  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heals) 

Ec,  GN  /m^  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/rr»2  (ksi)  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Ec.GN/m2(106p«)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear^ 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  ( 1 0®  psi)  Avg 


Mm 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V * 

Long.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

Fractu-e  Toughness^1 

Kjc  MN/m3/2(k$i,/ jn.)  Avg 

Mm 

Orientation.  - 

No  of  Spec.  (No.  of  Heats) 

K|f,  MN/m2/2(ksi/in.)  Avg 

(From  PTSC  spec.K  — )Mm 
No.  of  Spec.  (No.  of  Heats) 

Referonces:  96684, 96687 


65.3 

(49.4) 

63.5 

(47.0) 

58 

(43) 

55 

(41) 

5 

(1) 

6 

(1) 

54.0 

(40.0) 

51.3 

(38.0) 

43 

(32.0) 

41 

(30) 

5 

(1) 

6 

(1) 

67.2 

(384) 

7.7 

(44) 

57.1 

(3261 

6.1 

(35' 

>1 

>1 

(a)  indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 

* Data  are  for  half -size  specimens;  for  full-size  specimens,  average  longitudinal  values  are  given  as  81  Nm  (60  ft-tb)  and  112  Nm  (83.0  ft-lb) 
for  temperatures  of  105  K and  77  K,  respectively. 


t 

■; 

] 


I 


5 i 


7.4.3  2(11/76) 


J 


TABLE  7.4.3  ME3 


5Ni  Steel 
Plate-Weld  Metal 


Alloy  Designation: 


Specification: 

Form: 


ASTM  A 645 

Plate-Pulsed  MIG  welded,  Inconel  92  filler 


Thickness,  cm  (in.) : 0.635  to  t .269  (0.250  to  0.499) 


Plata  Quenched,  temperized,  and  reversion  annealed  per  spec.;  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 


297  (75) 


Fatigue,  Axial  Loading 

Sjm  at  10s  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 
with  R = and  Kt  = 

No  of  S N Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

Nii  of  S N Curves  (No.  of  Heats! 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No.  ol  S N Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn  a*  MN/m2(ksi) 

Loading  frequency  166  Hz 
with  R = -1  and  K(  * 2.7 

No.  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 

Sn  at  108  cycles,  MN/m2(ksi) 
Loading  frequency  166  Hz 
with  R = -1  and  " 2.7 

No.  of  S-N  Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  108cycles 


255  (37) 


References:  96687 


5Z\ :i< 


7.4.3  3(11/76) 


f 


TABLE  7.4,3  ME4 


5Ni  Steel 
Plate-Weld  Metal 


Alloy  Designation:  5Ni  Steel  (Weld  Metal) 

Specification:  ASTM  A645 

Form:  Plate -shielded  MIG  welded  (Incoweld  Bm  covered  electrode) 

Thickness,  cm  (in.):  0.635  to  1.269  (0.250  to  0.499) 

Condition:  Quenched,  temporized,  and  reversion  annealed  per  spec.;  welded,  tested  as  welded 


Testing  Temperature,  K (F) 

297  (75) 

77  (-320) 

Fatigue,  Axial  Loading 

Sfg  at  10®  cycles,  MN/m^(ksi) 
Loading  frequency  Hz 

with  ft  = and  Kj  - 

No  of  S N Curves  (No.  of  Heats) 

Ratio  Sf^/TUS  at  |05  cycles 

Sfn  at  10®  cycles,  MN/m7(ksi) 
Loading  frequency  Hz 

with  R = and  = 

No.  of  S-N  Curves  (No  of  Heats) 

Ratio  Sfj/TUS  at  10®  cycles 

Sfg  at  10?  cycles,  MN/m^fksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  {No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R ■ and  Kt  = 

No  of  S N Curves  (No.  of  Heats) 

Ratio  Sn/TUS  at  1G®  cycles 

Sn  at  107  cycles,  MN/m7(ksi) 
Loading  frequency  166  Hz 
with  R = -i  and  Kt  = 2.7 

No.  of  S-N  Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107cycles 

Sn  at  uf  cycles,  MN/m2(ksi) 
Loading  frequency  16CHz 
with  R = 1andKt=  2.7 

No  of  S-N  Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  108cycles 

255  (37) 

1 

0.28 

241  (35) 

1 

0.27 

References:  96687 
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7.4  3-4  111/76 ) 


5Ni  Steel 

Alloy  Designation:  5Ni  Steel 

TABLE  7.4.3-ME5 

Plata 

Specification:  ASTM  A645 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Quenched,  temporized,  and  reversion  annealed  per  spec. 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  <ksi)  Avg 

Mm 

Sid  Deviation 

.YS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA.  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi>  Avg 

Min 

No  of  Spec,  i No.  of  Heats! 

Poisson's  Ratio 
Wo'k  Hardening  Coef 

NTS.  MN/m2  fksi)  Avg 

K,  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec  (No.  of  Heats) 

Te  is ion , Transverse 

TU  >,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  **  Min 

No  of  Spec.  (No.  of  Heats! 

NTS,  MN/m2  (ksi)  Avg 

K(  ■ Mm 

No  of  Spec.  (No.  of  Heats) 

References:  92996 


Avg  724 

Mm  689 
21.2 

Avg  572 
Mm  490 
45.0 


77 

(320) 

1120 

(163) 

1110 

(160) 

807 

(117) 

745 

(108) 

31.0 

29 

5 

(1) 

7 .4. 3-5  (11/76) 


TABLE  7.4.3-ME6 


5Ni  Steel 
Plata 


Alloy  Damnation:  5Ni  Steal 

Specification:  ASTM  A 645 

Form:  Plat8 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Quenched,  tempti  i*ed,  and  reversion  annealed  per  spec. 


Testing  Temperature,  K (F) 

297  (75) 

105  (-270) 

77  (-320) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS.  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec  (No  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Impact,  C harpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Toughness^®* 

K|c  MN/m2/,2(ksiv(in.)  Avg 

Min 

Orientation  - 

No.  of  Spec.  (No.  of  Heats) 

KjE,  MN/m2/2(ks»/in.)  Avg 

(From  PTSC  spec.))  — )Min 
No.  of  Spec  (No.  of  Heats) 

130  (98) 

1 

110  (84) 

100  (76) 

2 (1) 

119  (88.5) 

105  (78) 

6 (1) 

61.7  (45.7) 

38  (28) 

6 (1) 

References:  96686, 96687 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


7.4.3-6(11/76) 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


TUS,  MN/m2  (k$.) 

Avg 

Min 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Efong,  percent 

Avg 

Min 

RA.  percent 

Avg 

Mm 

No  ot  Spec.  (No 

of  Hea’s) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m 2 (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  ol  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No  of  Spec  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Mm 

No  of  Spec  (No  of  Heats) 


29?  <75}  195  (-108) 


110  (270) 


77  (320) 


708.8  (102.8(843.9  (122.4) 

687  (99.6) 


487 

468 


(70.6) 

(67.9) 


32.0 

29 


434  (63.0) 


30 


70.7 

69 


4 

198 

1 


(3) 

(28.7) 


70 


930.8  (135.0) 


572  (82.9) 

521  (75.6) 


28 

68 

2 (2) 


1137  (164.9) 
1136  (164.81 


726.0  (105.3) 
719.8  (104.4) 


29.5 

29 

62 

3 (3) 

212  (30.7) 
1 


References:  92996, 96584. 96C-87 


7.4.3-8(11/76) 


TABLE  7.4.3-ME9 


5Ni  Steel 
Plate 


Alloy  Designation:  5Ni  Steel 


TABLE  7.4.3-ME10 


5Ni  Steel 
Plate-Weld  Metal 


Alloy  Designation:  5Ni  Steel  (Weld  Metal) 


Specification:  ASTM  A645 

Form:  Plate  Pulse  MIG  welded,  Inconel  92  filler 

Thickness,  cm  (in.):  2.541  to  5.080  (1.001  to  2.000) 

Condition:  Quenched,  temperired,  and  reversion  annealed  per  spec.;  welded,  tested  as  welded 


Testing  Temperature,  K (F) 

297  (75) 

TUS,  MN/mZ  (ksi) 

Std  Deviation 

TYS,  MN/mZ  (ksi) 

Std  Deviation 

Elong,  percent 


788.1  (114.3)  906.7  (131.5)  1010  (146.5) 

8800  (128.8)  994.9(144.3) 


RA,  percent  Avg 

Min 

No  ol  Spec.  (No.  oi  Heats) 

E,  GN/mZ  (106  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/mZ  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/mZ  (ksi)  Avg 

Kt  = M m 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/mZ  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/mZ  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/ni2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/mZ  (ksi)  Avg 

Kj  = Mm 

No  of  Spec  (No.  of  Heats) 

References:  96687 


7.4.3-10  (11/76) 


TABLE  7.4.3-ME11 


5Ni  Steel 
Plate-Weld  Metal 


Alloy  Designation:  5Ni  Steel 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


ASTM  A 645 

Plate-Submerged  arc  welded,  Inco  82  electrode.  Incoflux  4 
2.541  to  5.080  (1.001  to  2.000) 

Quenched,  temporized,  and  reversion  annealed;  welded,  tested  as  welded 


77  (-3201 


Testing  Temperature,  K ( F) 


297 (75) 


Compression,  Longitudinal 

CYS.  MN/m2  (ksi)  Avg 

Mm 

No  of  Spec.  I No.  of  Heats) 

Ec.  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Shear  M 

SUS,  MN/m2  (ksi) 

No  of  Spec.  (No.  of  Heats) 


Avg 

Mm 


G,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Impact,  Charpy  V 

Long.,  Nm(ft-ib)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 


85.6  (63.4) 

50  (37) 

8 (1) 


Fracture  Tough ncs»M 

Kjc  MN/m2^2(ksix/  in.)  Avg 

Min 

Orientation  - 

No.  of  Spec.  (No.  of  Heats) 

Kfg,  MN/m3/2(ksiv/  in.)  Avg 

(From  PTSC  spec.K  - )Min 
No.  of  Spec.  (No.  of  Heats) 


References:  96686 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


i 


5< 


7.4.3  11  (11/76) 


Fatigue  Crock  Growth  Rate,  da/dN,  mm/cycle 


Fatigue  Crack  Growth  Rate,  da/dN,  inch/cycie 


Testing  Temperature  K (Ft 


Thermal  Conductivit 


Watts  m'1  K"1 
Btu  hr'1  ft'1  F'1 

Mo  of  Spec 

References:  90170 

Thermal  Expansion  (T27 
Longitudinal 

Percent 

No  of  Spec 

References: 

Specific  Heat 

Joules  kg'*  K'^ 

Btu  lb  1 F-1 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'^ 

No.  of  Spec. 

References: 


7.4.3  14(11/761 


TABLE  7.4.3  TR1 


Alloy  Designation:  Iron  Alloy  Fe-SNi 


Temperature,  K 


FIGURE  7.4.3-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR 
IRON  ALLOY  Fe-5Ni 


5 


7.4.3-15  <11/76) 


TABLE  7,4.4-TRI 


Alloy  Designation:  Fe(47-50)Ni  Alloy 


Specification 


Dimension: 

Condition; 


Testing  Temperature  K IF) 


Thermal  Conductivity 

Watts  m'1  K'1(1> 

Btu  hr'1  ft*1  F'1 

Watts  m'1  K*1^) 

Btu  hr*1  ft'1  F'1 

No.  of  Spec. 

References:  96888 

Thermal  Expansion  (T773  to  T) 
Longitudinal 


Percent 
No  of  Spec. 

References:  74405 


273  (32) 

100  (-280) 

200 

13.9 

(11.6) 

(8.04) 

16.7 

11.3 

(9.66) 

(6.53) 

2 

2 

0 

0.151 

1 

1 

370)  20 


(-423)  10 


4.00 

2.00 

(5.03) 

(2.31) 

(1.16) 

3.35 

1.70 

(4.11) 

(1.94) 

(0.98) 

Specific  Heat 

Joules  kg'1  K*1 
Btu  lb'1  F*1 

No  of  Spec. 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft*1 

No  of  Spec. 

References:  79561 


39.2  x 10  8 

(236) 

1 


21.0  x 10-8 

(126) 


18.4  x 10-8 

(111) 

1 


17  .6  x 10  8 

(106) 


17.5  x 10^ 

(105) 


17.4  x 10^ 

(105) 


Magnetothermal 
Conductivity  t 

W Watts  m 1 K'1 
Btu  hr'1  rf1  F'1 

Watts  m 1 K 1 
Btu  hr1  ft 1 F 1 

Watts  m 1 K'1 
Btu  hr1  ft 1 F 1 

Watts  m 1 K_1 
Btu  hr'1  ft 1 F'1 
No.  of  Spec. 

References:  96888 

(1)  High  Perm  49Fe-97.5Ni 
(perpendicular  to  plate) 

(2)  High  Perm  49Fe-47.5Ni 
(in  rolling  direction) 


VJ*'-  * 


7 .4.4-1  (11/76) 


Thermal  Conductivity,  watts  nr'K 


Thermal  Conductivity,  Btuhr1  ft**1  F 


Thermal  Conductivity,  watts  rrH  K' 


Temperature,  K 


FIGURE  7.4.4-C2.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  IRON  ALLOY 
Fe(47-50)Ni  AT  SEVERAL  MAGNETIC  FIELDS 


7.4.4-3(11/76) 


Thermal  Conductivity,  Btu  hr'1  ft"1  K**' 


a 


0 

1 


OJ 

6 


K) 

o 


o 


juaojad  ‘uojsuDdxg  (Dunam 


7.4.4-4(11/76) 


INDEX  TO  MATERIAL  CODES  FOR 
SECTION  8.0 


STAINLESS  STEELS 


MATERIALS 


MATERIAL  CODE 


TYPE  301 

8.1.1 

TYPE  303 

8.1.7 

TYPE  304 

8.1.2 

TYPE  304 L 

8.1.3 

TYPE  310 

8.1.4 

TYPE  310S 

8.1.8 

TYPE  316 

8.1.5 

TYPE  321 

8.1.6 

TYPE  347 

8.1.9 

TYPE  410 

8.1.10 

TYPE  416 

8.1.11 

A-286 

8.2.1 

KROMARC-58 

8.2.2 

ARMCO  21-6-9 

8.2.3 

ARMCO  22-13-5 

8.2.4 

8.0 


TABLE  8 1.1  ME3 


S30100 


Type  301 
Sheet 


Alloy  Designation:  Type  301  Stainless  Steel 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


MIL35059 

Sheet 

Up  to  0.099  (0.039) 

Extra  hard  (XH)  cold  rolled  (60  percent  or  more  reduction) 


Testing  Temperature,  K (F)  1 

297  (75)  1 

195 

(-108) 

77 

(320) 

20 

(-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1558 

(226) 

1735 

(252) 

2241 

(325) 

2234 

(324) 

Mm 

1393 

(202) 

1662 

(241) 

2041 

(296) 

1937 

(281) 

Sid  Deviation 

’23.2 

(17.88) 

64.3 

(9.33) 

91.7 

(13.30) 

143.7 

(20.85) 

TYS,  MN/m2  (ksi) 

Avg 

1455 

(211) 

1543 

(224) 

1765 

(256) 

1951 

(283) 

Mm 

1241 

(180) 

1427 

(207) 

1462 

(212) 

1393 

(202) 

Sid  Deviation 

131.5 

09.08) 

90.9 

03.2) 

177.7 

(25.77) 

240.9 

(34.94) 

Elong,  percent 

Avg 

6.6 

17.3 

20.1 

8.4 

Mm 

1.0 

14 

16 

0.5 

RA,  percent 

Avg 

Min 

No.  ot  Spec  (No.  of  Heats) 

64 

(14) 

11 

(3) 

45 

(11) 

74 

05) 

E,  GN/m2  <106  psi) 

Avg  | 

180 

(26.15) 

190 

(27.5)  | 

189.6 

(28.5) 

202 

(29.29) 

Min  ! 

168 

(24.4) 

180 

(26.1) 

177,8 

(25.8) 

179.3 

(26.0) 

No  of  Spec.  (No.  of  Heats) 

23 

(4) 

5 

0) 

23 

(4) 

29 

(4) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1602 

(232) 

1720 

(250) 

2034 

(295) 

1078 

(301) 

Kt  = 6.3 

Mm  ] 

1427 

(207) 

1710 

(248)  | 

1868 

(271) 

1882 

(273) 

No.  of  Spec.  (No.  of  Heats) 

32 

(8) 

7 

(2) 

22 

(6) 

27 

(8) 

NTS,  MN/m2  (ksi) 

Avg  | 

1404 

(203.7) 

1430 

(207)  | 

T503 

(278) 

1342 

094.7) 

Kt  - 19+ 

Mm  | 

1034 

(150) 

1269 

084) 

1255 

(182) 

931 

035) 

No  of  Spec.  (No.  of  Heats) 

23 

(5) 

5 

0) 

26 

(3) 

23 

(3) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

1673 

(242.71] 

1835 

(266) 

2269.7  (329.2) 

2299 

(333.46) 

Mm 

1496 

(217) 

1827 

(265)  . 

2130.5  (309) 

2048 

(297) 

Std.  Deviation 

153.5 

(22.27) 

10,8 

(1.57)  ! 

80.8 

(11.72) 

100.6 

(14.59) 

TYS,  MN/m2  (ksi) 

Avg 

1383 

(200.581 

1318 

(191) 

1700 

(246.63 

2003 

(290.56) 

Mm 

1165 

069) 

1207 

0 75) 

1510 

(219) 

1560 

(232) 

Std.  Deviation 

191 

(27.69) 

70.3 

(10.2) 

169.7 

(24.62) 

172.6 

(250.4) 

Elong,  percent 

Avg 

7.0 

11.9 

16.2 

6.0 

Mm 

5.0 

11.0 

12.0 

1.0 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

38 

(10) 

7 

(2) 

27 

(6) 

39 

(9) 

E,  GN/m2  (106  psi) 

Avg 

205.6 

(29.82) 

204 

(29.5) 

217 

(31,52) 

224 

(32.48) 

Mm 

180.6 

(26.2) 

193 

(28.0) 

190 

(27.6) 

196 

(28.4) 

No  of  Spec  (No  of  Meats) 

77 

(2) 

5 

0) 

17 

(2) 

17 

(2) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1492 

(216) 

1541 

(224) 

1728 

(251) 

1549 

(225) 

Kt  " 6.3 

Min 

1324 

092) 

1420 

(206) 

1462 

(212! 

1393 

(202) 

No.  of  Spec.  (No.  of  Heats) 

17 

(6) 

8 

(2) 

16 

(5) 

16 

(4) 

NTS,  MN/m2  (ksi) 

Avg 

1067 

(154.75! 

1001 

045) 

948 

(137.5) 

896 

030) 

Kr  - 19+ 

Min 

744.6 

008) 

924 

034) 

758.4 

(110) 

669 

(97) 

No  of  Spec.  (No.  of  Heats) 

20 

(2) 

5 

0) 

1 20 

(2) 

20 

(2) 

References:  39077.  40953, 48652, 49088, 54986,  57635, 59767,  59901,  61918,  70906,  73890 


8.1.1  3(11/76) 


T 


TABLE  8.1.1-ME4 


Alloy  Desitpmion:  Type  301  Stainless  Steel 

Specification:  MIL-S-5059 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Extra  hard  (XH)  cold  rolled  (60  percent  or  more  reduction) 


Testing  Temperature,  K (F) 

297  (75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

Fatigue,  Flexural  Loading 
Sfj  at  105  cycles,  MN/m2(ksi) 

717  (104) 

724 

(105) 

945 

(137) 

738 

(107) 

Loading  frequency  Hz 

with  R *-1  and  Kt  = 1 

No  of  S N Curves  (No.  of  Heats) 

i (1) 

1 

(1) 

1 

(1) 

1 

(1) 

Ratio  S(u^:  OS  at  10®  cycles 

0.47 

0.42 

0.43 

0.33 

at  10®  cycles,  MN/m2(ksi) 

496  (72) 

448 

(65) 

793 

(115) 

669 

(97) 

Loading  frequency  Hz 

with  R “ -1  and  Kt  = 1 

No  of  S-N  Curves  (No  of  Heats) 

1 ID 

1 

(1) 

1 

(1) 

1 

(1) 

Ratio  Sn/TUS  at  10®  cycles 
Sfg  at  107  cycles,  MN/m2(ksi) 

0.33 

0.26 

0.36 

0.30 

Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  (No.  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 

Fatigue,  Flexural  Loading,  Notched  Specimens 

Sfg  at  10®  cycles,  MN/m2(ksi) 

386  (56) 

469 

(68) 

455 

(66) 

345 

(50) 

Loading  frequency  Hz 

with  R = -1  and  Kt  = 3.1 

No  of  S-N  Curves  (No.  of  Heats) 

! (1) 

1 

(1) 

1 

U) 

1 

(1) 

S;g  at  10®  cycles,  MN/m2(ksi) 

172  (25) 

214 

(31) 

303 

(44) 

Loading  frequency  Hz 

with  R =>-1  and  Kt  = 3.1 

No  of  S-N  Curves  (No  of  Heats) 

’ (1) 

1 

(1) 

1 

(1) 

1 

(1) 

Sjg  at  107  cycles,  MN/m2(k$i> 

Loading  frequency  Hz 

with  R “ and  = 

No.  of  S-N  Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 

References:  49048 


5-10 


8.1.1  4 (11/74) 


TABLE  8.1. 1-ME4.1 

Alloy  Designation:  Type  301  Stainless  Steel  (Weld  Metal) 


Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Sheet  40%  cold  rolled,  welded,  end  tested  as  welded 


Type  301 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Etong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  = 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No 

ot  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

- 

Mm 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

■ 

Mm 

No  of  Spec.  (No 

of  Heats) 

References  39429 

1940  (281)  1770  (236) 

1890  (274)  1720  (250) 


3 (1) 


8.1. 1-4.1  (11/76) 


TABLE  8.1.1-ME4.2 


Type  301 
Sheet-Weld  Metal 


Alloy  Designation:  Type  301  Stainless  Steel  (Weld  Metal) 


S30100 


Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  60%  cold  rolled  sheet,  welded  and  tested  as  welded 


Testing  Temperature,  K (F) 


29?  (75)  v 


195  (-108) 


77  (-320) 


20  (-423) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 

RA,  percent 

No  of  Spec  iNo.  of  Heats) 

E,  GN/m2  (106  psi) 

No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec  (No.  of  Heats) 


Avg 

Mm 


Avg 

Min 


Avg 

Min 

Avg 

Mm 


Avg 

Mm 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


Avg 

Min 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


RA,  percent 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K(  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  39429, 48652 

51  ■/:< 


1104  (160.1) 

1007  (146) 
81.4  (11.8) 


3.9 

2.5 


15  (5) 


1489  (215.9)! 

1427  ^ (207) 
46.4  (6.73) 


7.2 

5.0 


11 


(3) 


1121  (162.6) 

1035  (150) 
82.7  (12.0) 


2.9 

2.0 


1489  (215.9)| 

1448  '210) 


3.6 

2.0 


10 


(4) 


(2) 


2009  (291.4) 
1944  (282) 
46.7  (6,77) 


13.8 

10.0 


15  (5) 


1980  (287.2) 
1944  (282) 
27.7  (4,02) 


7.6 

4.0 


10  (4) 


1536  (222.8) 
1220  (177) 
161  (23.3) 


2.7 

1.0 


16  (5) 


1461  (211.9) 

1179  (171) 
190  (27.6) 


1.6 

1.0 


10  (4) 


8.1.t4.2  (11/76) 


TABLE  8.1.1  ME4.3 

Type  301 
Sheet-Weld  Metal 

Alloy  Designation: 

Type  301  Stainless  Steel  (Weld  Men!) 

S30100 

Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Sheet  80%  cold  rolled,  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


: -ft- . 

TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TVS.  MN/m2  Iksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  ol  Spec  (No 

of  Heats) 

E,  GN/m2  (TO6  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heatsl 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Min 

No  of  Spec.  (No 

of  Heats) 

References:  39429 

77  (-320)  20  (-423) 


1940  (281)  1960  (284) 

11920  ( 278)  1840  (267) 


2 (t) 


8.1.14.3  (11/76) 


TABLE  8.1 .1-ME4.4 


Type  301 
Sheet 


Alloy  Designation:  Type  301  Stainless  Steel 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Cryostretched  to  932  MN/m2  (135  ksi)  at  77  K (-320  F);  simulated  resin  cure  cycled  340  K (150  F)  3 hr.  + 

420  K (300  F)  5 hr. 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297(75)  >a 


Avg  1409  (204.3) 

Mm  1372  (199.0) 


Avg  1199  (173.9) 

Mm  1165  (169.0) 


1955  (283.5) 
1931  (280.0) 


1351  (195.9) 
1310  (190.0! 


RA,  percent 


No  of  Spec  (No  of  Heats) 

E,  GN/m2  1106  psi)  / 


No  of  Spec.  (No.  of  Heats) 


Avg  144  (20.9) 

Mm  132  (19.1) 

3 (1) 


168  (24.4) 

138  (20.0) 

12  (1) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 


Elong,  percent 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Meats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 


References:  87612 

(a)  Specimens  subjected  to  simulated  sizing  load  to  1442  MN/m2  (209.2  ksi)  at  77  K (-320  F)  prior  to  room  temperature  tests. 


‘ < 


8.1.1-4.4(11/76} 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

A.  g 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats 

) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

K,  = 6.3 

Mm 

No.  of  Spec.  (No  of  Heats) 

NTS,  rviM/m-  (ksi) 

Avg 

Kt  = 19+ 

Mm 

No  of  Spec  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

E.  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,  =■  6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 19+ 

Mm 

No  of  Spec.  (No.  of  Heats) 


297 

(75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

4 

(-452) 

1431 

(208) 

1678 

(243) 

2210 

(320) 

2212 

(321) 

2140 

(310) 

1351 

096) 

1655 

(240) 

2041 

(296) 

2151 

(312) 

2103 

(305) 

59.9 

(8.69) 

16.7 

(2.43) 

73.1 

(10.6! 

42.7 

(6.20) 

1267 

(184) 

1258 

(132) 

1459 

(212) 

1658 

(240) 

1934 

(280) 

1138 

(165) 

1207 

(175) 

1207 

(175) 

1489 

(216) 

1882 

(273) 

75.8 

(110) 

51./ 

(7  50) 

147 

(21.3) 

132 

(19.1) 

11.8 

27.3 

23 

16.8 

2.3 

26 

16 

15 

2 

20 

(7) 

13 

(5) 

18 

(7) 

14 

(5) 

3 

(1) 

172 

(25.0) 

172 

(25.0) 

166 

(24.1) 

178 

(25.8) 

171 

(24  8) 

167 

(24  3) 

165 

(23.9) 

162 

(23.5) 

3 

(1) 

3 

(1) 

3 

ID 

3 

(1) 

1604 

(233) 

1641 

(238) 

1857 

(269) 

1700 

(246) 

1510 

(2191 

1572 

(228) 

1793 

1260) 

1413 

(205) 

11 

(4) 

9 

(4) 

9 

(4) 

8 

(3) 

1517 

(220) 

1627 

(236) 

1606 

(233) 

3 

(1) 

3 

(1) 

3 

(1) 

1505 

(218) 

1713 

(248) 

2125 

(308) 

2053 

(298) 

1476 

(214) 

1689 

(245) 

1841 

(267) 

1717 

(249! 

29  0 

(4  211 

20.8 

(3.02) 

146 

(21.2) 

166 

(24.1) 

1189 

(172) 

1178 

(171) 

1416 

(205) 

1666 

(242) 

1158 

(168) 

1165 

(169) 

1255 

(182) 

1489 

(216) 

28.1 

(4  07) 

9.4 

(1.36) 

153 

U2.2) 

145 

(21.0) 

9 

4 

23.7 

20.4 

4.3 

7 

23 

9.5 

2 

9 

(4) 

S 

(3) 

10 

(4) 

9 

(4) 

1551 

(225) 

1626 

(236) 

1644 

(238) 

1119 

(162) 

1455 

(211) 

1600 

(232) 

153! 

(222) 

1069 

(155) 

6 

(3) 

8 

(3) 

6 

(3) 

6 

(3) 

1138 

(165) 

1117 

(162) 

958 

(139) 

3 

(1) 

3 

(1) 

3 

(1) 

References:  37146.  39429,  40953,  49088,  55111,  90081 


50 


8. 1.1-7  (11/74) 


TABLE  8.1. 1-ME7.1 


Type  301 
Sheet  Weld  Metal 


Alloy  Designation:  Type  301  Stainless  Steel  (Weld  Metal) 


S30100 


Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Sheet  60%  cold  rolled,  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 


1 297  (75) 

195  (108) 

77  (-320) 

20  (423) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 

P\,  percent 

No  of  Spec  (No.  of  heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  o'  Heats) 


Avg 

Mm 


Avg 

Mm 


Avg 

Min 

Avg 

Mm 


Avg 

Min 


Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

References-  39429 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

M in 


Avg 

Mm 


957.7  (138.9) 
924  (134) 

2 1.9  (3.18) 


9.7 

8.5 


13  (1) 


I486  ;215.5>i 

1475  (214) 

6.7  (0.97) 


18.7 

16 


13 


(1) 


2006  (290.9) 
1965  (285) 
30.2  (4.38) 


18.4 

15 


13 


(1) 


1824  (264.5) 
1372  (199) 
216  (31.3) 


9.58 

3 


13  (1) 


5 hi 


8.1 .1-7.1  (11/76) 


Alloy  Designation: 

TABLE  B.1.1-ME7.2 

Type  301  Stainless  Steel 

S30100 

Type  301 
Sheet 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 

Sheet 

0.320  to  0.634  (0.126  to  0.249) 
Cryogenically  stretched  at  77  K (-320  F) 

Reference*:  82916 


8.1.1-7.2(11/76! 


TABLE  8.1.1-MEB 


Alloy  Designation.  Type  301  Stainless  Steel 


Specification: 

Form: 

PJate 

Thickness,  cm  (in.): 

1.270  to  2.540  (0.500  to  1.000) 

Condition: 

Annealed 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 


Avg  958  (139) 

Mm 


166  (-160)  | 77  (-3201 


1475  (214)  I 1860  (270) 


RA.  percent  f 

\ 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  A 

N 

No.  ot  Spec.  (No.  ol  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  = 6.3 

No.  of  Spec.  (No.  of  Heats) 


Avg  662  (96.0) 

Min 

(1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avy 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No.  of  Heats) 

References:  52856 


1300  (188)  993  (144) 


8.1. 1-8  (11/74) 


Testing  Temperature,  K (F) 


v / 


Compression,  Longitudinal 

CVS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec,  (No.  of  Heats) 


Ec,  GN  /m2  { 10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 
CYS,  MN/m2  (ksi) 


Avg 

Mm 


Avg 

Min 


No.  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(10®psi) 

No  of  Spec.  (No.  of  Heats) 

Shear<a) 

SUS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

G.GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Impact,  Charpy  V,  Testing  Temp. 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Long.,  J(ft-lb) 

No  of  Spec.  (No  of  Heats) 

Trans.,  J(ft-lb) 

No  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Mm 


Fracture  Tough ness^®' 

Kjc  MN/m3/2(ksiv/'in.)  Avg 


Mm 

Orientation 

No.  of  Spec  (No.  of  Heats) 

K|E,  MN/m3/2(ksj/ m.)  Avg 

(From  PTSC  spec.K  )Mm 

No.  of  Spec.  (No.  of  Heats) 


297 


(75) 


294+  (217+) 


133  (-220) 


294+  (217+) 

(1) 


120  (-244) 


144  (106) 

(1) 


144 


References:  52856 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


(106) 

(1) 


8. 1.1-9  (11/74) 


Type  301 

TABLE  8.1.1  ME9.1  Plate-Weld  Metal 

Alloy  Designation:  Type  301  Stainless  Steel S30100  

Specification: 

form:  Plate-MIG  welded,  type  308  electrode 

Thickness,  cm  fin.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate  Welded,  annealed  1366  K (2000  F)  one  hr,  WQ,  and  tested  as  quenched 


Testing  Temperature,  K (F) 

297  175) 

195  (-108) 

77  (-320) 

4 (-452) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Awg 

Mm 

Std  Deviation 

612  (88.7) 

1082  (157.0) 

1296  (188.0) 

1269  (184.0) 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

Elong.  percent 

Avg 

Mm 

34.0 

25.0 

16.0 

15.0 

RA.  percent 

No.  of  Spec  (No 

Avg 

Mm 

of  Heats) 

58.0 

1 

41.0 

1 

21.0 

1 

19.5 

1 

E,  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 
Kt  = 6.3 

No.  of  Spec.  (No. 

Avg 

Mm 

of  Heats) 

648  (94.0) 

1 

858.4  (124.5) 

1 

941.1  (136.5) 
1 

1124  (163.0) 
1 

NTS.  MN/m2  (ksi) 
Kt  = 

No  of  Spec.  (No 

Avg 

Min 

of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

Elong,  percent 

Avg 

Mm 

RA,  percent 

No.  of  Spec  (No. 

Avg 

Min 

of  Heats! 

E,  GN/m2  (10®  psi) 

No  of  Spec  (No 

Poisson's  Ratio 

Avg 

Min 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 
Kt  = 

No  of  Spec.  (No. 

Avg 

Mm 

of  Heats) 

References:  52856 


f 

t 


i !j\i< 


8.1  1-9,1  (11/76) 


Stress,  MN/m 


8,1.1-10  (11/74) 


A RT 

O 77 K(-320  F 
O 4K  (-452  F) 


Vh. 


Open  points  for 
unnotched  specimens 
Solid  points  for  notched 
specimens  ( Kt  > 17) 


U 


<u  1500 


o 1000 


6 

| 500 


Fatigue  Life,  cycles 

FIGURE  8.  1.  1-ME2.  FATIGUE  LIFE  CURVES  FOR  AXIAL  LOADING  ON 

LONGITUDINAL  SPECIMENS  OF  EXTRA  HARD 
COLD  ROLLED  TYPE  301  STAINLESS  STEEL 
SHEET  0.056  CM  (0.022  IN.  ) THICK  AT  FRE- 
QUENCIES OF  3.  3 AND  0.  27  HERTZ  AT  R = 0.  14 

Reference:  70906 


55 


8.1.1-11  (11/74) 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


r 


TS 


Type  301 


10 


Stress  Intensity  Factor  Range,  AK,  ksiv^ 

100 


10 


-5 


10 


-6 


1000 
10 


1 1 1 — i — i — r 

t-j r 1 1 — i — i — rr  r 

A 

- 

Specimens  loaded  to  0.05  os  in  LN2,  unloaded, 

- 

loaded  to  us  in  LN2,  then  cycled  at  room  tempera-  - 

A 

ture  or  77  K (-320  F).  Room  temperature  sped- 

mens  also  proof  loaded  to  0.86  os  at  room  tempera- 

A 

A 

ture  prior  to  cycling.  os  = 1442  MN/m^  (209.2  ksi).  - 

— 

• 

- 

- 

O 

- 

A* 

O 

A A 

- 

• 

- 

• 

- 

A 

- 

- 

O 

- 

o 

- 

• O 

- 

o 

— 

• 

a Room  Temperature 

— 

• 

0 

a 77  K (-320  F) 

- 

• 

0 

• Sheet  Thickness  0.071  cm  (0.028  in.)  _ 

- 

A 

a Sheet  Thickness  0.26  cm  (0.10  in.) 

- 

Cycling  Rate:  0.8  Hz 

R = 0 

1 1 1 — 1 — 1 — 

x.L. 1 1 1 1 1 I-..J L 

-4 


10 


-5 


22  44  66  88  110  220  440 

Stress  Intensity  Factor  Range,  AK,  MN/m3/2 


(0 

660  880  1100 


-6 


FIGURE  8.1.1-ME3.  FATIGUE  CRACK  GROWTH  RATE  CURVES  FOR  SPECIMENS  OF 
CRYOSTRETCHED  301  STAINLESS  STEEL  AT  ROOM  TEMPER- 
ATURE AND  77  K (-320  F)  [87612] 

[sheet  cryostretched  to  932  MN/m2  (135  ksi)  at  77  k (-320  F);  simulated  resin  cure  cycle  340  K (150  F) 

3 hr  + 420  K (300  F)  5 hr] 
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8.1.1-11.1  (11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  inch/cycle 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297(75)  195  (-108) 


Avg  677  (98.2)  1220  (177) 

Mm  653  (94.7)  1200  (174) 


77  (-320)  20  (423) 


1675  (243)  1827  (265) 

1653  ( 240)  1806  ( 262 


RA,  percent  / 

N 

No.  of  Spec,  (No.  of  Heats) 

E,  GN/m2  (106pSi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Woric  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  703  (102)  1240  (180) 

Mm  684  (100)  1230  (179) 


1717  (249)  2000  (290) 

1710  (248)  1972  (286) 


RA,  percent 


No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10«  psi)  / 

f* 

No  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

= Min 

No.  of  Spec  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

K{  = Mm 

No  of  Spec  (No.  of  Heats) 

References:  56261 


8. 1.2-1. 1 (11/76) 


TABLE  8.1.2-M22 


Alloy  Designation:  Type  304  Stainless  Steel 


Specification: 

AMS-5513,  MIL  S 5059 

Form; 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed 

Type  304 
Sheet 


Testing  Temperature.  K (F> 


Tension,  Longitudinal 
TUS,  MN/m2  |ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (751 


Avg  658  (95.5) 

Min  655  (95.0) 


Avg  293  (42.5) 

Mm  283  141.0) 


77  (-320) 


1627  (236)  1800  (261)  1703  (247) 

1620  (235) 


379  (55.0)  427  (62.0)  569  (82.5) 

372  (54.0)  421  (61.0)  552  (80  0) 


RA,  percent  / 

N 

No  of  Spec.  (No.  of  Heats) 

E.  GN/m2  (10®psi)  / 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  = 5.2 

No  of  Spec.  (No.  of  Heats) 


Avg  720  (104) 

Mm  710  (103) 

4 (2! 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No  of  Heats) 

Tension.  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation , 

Elong,  percent  Avg 


1444  (210)  1*58  (168)  1227  (178) 

1406  (204)  1089  (158)  1200  (174) 

4 (2)  4 (2)  4 (2) 


RA.  percent  Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No  of  Heats) 

References:  48128 


fir,1/ 


8. 1.2-2  (11/74) 


Type  304 

TABLE  8.1. 2-ME3 

Plate 

Alloy  Designation:  Type  304  Stainless  Steel 

S30400 

Specification: 

AMS  5513,  MIL-S-5059 

Form: 

Plate 

Thickness,  cm  (in.): 

0.635  to  1.269  (0.250  to  0.499) 

Condition: 

Annealed 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

M,n 

Std  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Min 

Sid  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heals) 

E.  GN/m2  (tO®  psi)  Avg 

Min 

No.  of  Spec.  (No.  ot  Heats) 

Poisson's  Ratio 
Wo i*  hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m?  (ksi)  Avg 

Kf  = Mm 

No.  of  Spec.  (No.  of  Heats) 


297  (75) 

592.5 

(85.93) 

: 587 

(85.1) 

11.4 

(1.65) 

328 

(47.6) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  564  (81.8) 

Mm  605  (87.7) 


Avg  318  (46.1) 

Mm 


77  (-320)  20 


1586  (230)  1724.6  (250.13) 

1682  (244) 

17  (2,47) 

377  (54.7)  410  (59.4) 


1620  (235)  1482  (215) 


401  (58.1)  364  (52.8) 


RA,  percent  Avg 

Mm 

No.  of  Spec,  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats! 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References.  56754, 87223 

r:r:  j < 


8.1.2  3 (1 1/76) 


TABLE  8.1. 2-ME3.1 


Type  304 
Plate 


Alloy  Designation:  Type  304  Stainless  Steel 


Testing  Temperature,  K (F) 


Compression.  Longitudinal 

CYS,  MN/m2  (ksi)  f 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  { 10®  psi)  t 

l\ 

No.  of  Spec.  (No.  of  Heats) 

Compression,  T ransverse 

CYS.  MN/m2  (ksi)  i 

I) 

No  of  Spec.  (No.  of  Heats) 

Ee,  GN/m2  (10®  psi)  / 

h 

No.  of  Spec.  (No.  of  Heats) 

Shear<a) 

SUS,  MN/m2  (ksi)  t 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (106  psi)  / 

N 

No  of  Spec.  (No.  of  Heats) 


Avg  490  (71.1) 

Min 


972.2  (141.0) 
7 (1) 


Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^ 

Kjc  MN/m^^ksi/in.)  Avg 

Mm 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K|g,  MN/m2^2(ksi/in.)  Avg 

(From  PTSC  spec.H  - )Min 
No.  of  Spec.  (No.  of  Heats) 

References:  56754 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


8.1, 2-3.1  (11/76) 


TABLE  8.1.2-ME3.2 


Type  304 
Plate 


Alloy  Destination: 


Type  304  Stainless  Steel 


TABLE  8.1.2  ME4 


Type  304 
Bar 


Alloy  Designation:  Type  304  Stainless  Steel 


Stress,  MN/ 


FIGURE  8.  1. 2 -ME  1.  EFFECT  OF  TEMPERATURE  ON  THE 

STRENGTH  OF  TYPE  3 04  STAINLESS 
;;  STEEL 

8. 1.2-5  (11/74) 


Stress,  ksi 


TABLE  8.1.2-TR1 


Type  304 


Alloy  Designation:  Type  304  Stainless  Steel 


S30400 


Specification: 

Form: 

Dimension: 

Condition: 


Annealed 


Testing  Temperature  K (F) 


273  (32) 

100  (-280) 

50  (-370) 

20  (423) 

10  (-442) 

4 (-452) 

14.7 

9.5 

5.7 

1.95 

0.78 

(8.50) 

1 

(5.49) 

1 

(3.30? 

1 

(M3) 

1 

(0.451) 

1 

0 

-0.230 

•0.261 

•0.264 

-0.264 

-0.264 

2 

2 

2 

2 

2 

2 

2.20 

0.95 

0.40 

(1.27) 

(0.55) 

(0.23) 

2.00 

0.90 

0.35 

(1.16) 

(0.52) 

(0.20) 

1 

1 

1 

Thermal  Conductivity 

Watts  m'1  K"1 
Btu  hr1  ft'1  F-1 

No.  of  Spec. 

References:  40911 

Thermal  Expansion  (T273  to  T) 


Longitudinal 

Percent 

No  of  Spec. 

References:  90208,  9C336 

Specific  Heat 

Joules  kg'1  K"1 
Btu  lb  • F1 

No  of  Soec. 

References; 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No.  of  Spec. 

References:  79561 

Magnetothermal  Conductivity 


FT 

tesla. 

Watts  m 1 K 1 
Btu  hr*  ft'1  F _1 

0 

Watts  m'1  K 1 
Btu  hr  1 ft'1  F'1 

8 

No.  of  Spec. 

References:  95168 

t~  f ■ 

OO 


8 1.2  6 (11/76) 


Temperature,  K 


FIGURE  8.1.2  C2.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR  TYPE  304 
STAINLESS  STEEL  AT  DIFFERENT  MAGNETIC  FIELD  STRENGTHS 


Temperature, 


FIGURE  8.1.2-El,  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR 

TYPE  304  STAINLESS  STEEL 


TABLE  8.1.3ME0.1 


4> 


Alloy  Designation: Type  304L  Stainless  Steel S40503 

Specification: 

Form:  Sneet 

Thickness,  cm  (in.):  Up  to  0 099  (0.039) 

Condition:  Cold  rolled  50% 


Testing  Temperature,  K (F) 

297  (75) 

195  (108) 

77  (-320) 

20  (-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

1241  (180) 

1379  (200) 

1669  (242) 

1896  (?75) 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Min 

1089  (158) 

1234  (179) 

1344  (195) 

1613  (234) 

Elong,  percent 

Avg 

Mm 

2.5 

4.5 

76.5 

1.5 

RA,  percent  Avg 

Min 

No  ot  Spec  (No.  of  Heats) 

5 

5 

5 

5 

E,  GN/m2  (106  psi) 

No  of  Spec,  (No. 

Poisson's  Ratio 

Avg  | 

M.n  | 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No  of  Spec  (No. 

Avg  ( 

Min  ' 

of  Heats) 

1372  (199) 
5 

1510  (219) 

5 

1841  (267) 

5 

2137  (310) 
5 

NTS,  MN/m2  (ksi) 

*t  -- 

No.  of  Spex.  (No. 

Avg  1 

Min  1 

of  Heats' 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm  ■ 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

Elong.  percent 

Avg 

Min 

RA,  percent 

No.  of  Spec.  (No. 

Avg 

Mm 

of  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No 

Poisson's  Ratio 

Avg 

Mm 

of  Heats) 

Woik  Hardening  Coef 

NTS,  MN/m2  (ksi) 
*t  ’ 

No  ot  Spec  (No 

Avg 

Mm 

ol  Heats) 

NTS,  MN/m2  (ksi) 
Kt« 

No  of  Spec.  (No 

Avg 

Mm 

of  Heats) 

Type  304L 
Sheet 


References:  94204 


8,1.30  1 (11/75) 


TABLE  8.1.3  MEO-2 


Type  304  L 
Sheet  Weld  Metal 


Alloy  Designation:  Type  304L  Stainless  Steel  (Weld  Metal) 


Specification: 

Form:  Sheet -TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0 099  (0.039) 

Condition:  Sheet  50%  cold  reduced,  welded,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


297  (75) 


TUS,  MN/m2  <ksi> 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

*t  = 

Mm 

No.  of  Spec  (No. 

of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec,  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Stcl  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

M.n 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K.  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Min 

(2)  8 


Na  of  Spec  (No  ol  Meats) 

References  48652  49088 


1502  (217.9)  1757  (254.9) 
1480  (215)  1710  (248) 


8 (2) 


8 (2) 


1487  (215.7)  1882  (272.9) 
1380  (200)  1800  (261) 


8 (2i 


8 (2) 


8 f 3 0.2  (11/76) 


TABLE  8.1.3ME0.3 


Type  304L 
Sheet 


Alloy  Designation : Type  304 L Stainless  Steel 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  70%  cold  reduced 


S40503 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 

TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Dw.Jhon 

TYS,  MN/m2  (ksi) 

Avg 

Sid  Dewi.iti.in 

Elong,  percent 

Avg 

RA.  percent 

Avg 

No  .1  SpH  No  .1 

Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mi  n 

No  ot  Spec  (No  ol 

H.-uth) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No.  ol 

Hast  si 

NTS,  MN/m2  (ksi) 

Avg 

x,  = 

Mm 

No  of  Spec.  (No  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No  ol 

h*mts) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec  (No  ot  he.it si 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K.  - 

Mm 

No  of  Spec  iNo  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

*t  * 

Mm 

No  of  Spec  INo  of 

References:  90068 

1490  (216) 


1250  (182) 


2.0 


297  (75) 

77  (-320) 

20  (423) 

1320  (191) 

1780  (258) 

2050  (298) 

1210  (176) 

1630  (237) 

1810  (262) 

2.0 

1.5 

1.0 

1930  (280) 


1700  (247) 


2.0 


2270  (329) 


2040  (2961 


0.8 


8.1.3  0.3  (11/76) 


W* 


r 7 

Alloy  Designation: 

TABLE  8.1.3-ME1 

Type  304L  Stainless  Steal 

S40503 

Specification: 

AMS-5611  A,  MIL  S- 4043 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed 

- . 

Testing  Temperature,  K (F) 

297 

(75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

4 

(-452) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

661 

(95.9) 

977 

(142) 

1464 

(212) 

1748 

(254) 

1589 

(230) 

Mm 

620 

(90.0) 

896 

(130) 

i 1406 

(204) 

1738 

(252) 

1538 

(223) 

Std  Deviation 

27.2 

(3.95) 

60.4 

(8.76) 

34,7 

(5.03) 

12.2 

(1.77) 

43.0 

(6.23) 

TYS,  MN/m2  (ksi) 

Avg 

295 

(42.8) 

248 

(36.0) 

273 

(39.6) 

307 

(44.5) 

403 

(58.5) 

Mm 

262 

(38.0) 

200 

(29.0) 

, 200 

(29.01 

200 

(29.0) 

317 

(46.0) 

Std  Deviation 

16.6 

(2.41) 

43.3 

(6.28) 

43.6 

(6.32) 

65.3 

(9.48) 

47.1 

(6.83) 

Eloog.  percent 


PA,  percent  Avg 

Mm 

No  of  Spec.  (No  of  Hears) 

E,  GN/m2  HO6  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kj  ■ 5.2  Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TVS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Efong,  percent  Avg 


16  (4)  8 (2) 


16  (4) 


8 (4) 


12  (4) 


734 

(106) 

1030 

(150) 

1417 

(206) 

1287 

(187) 

1460 

(212) 

634 

(92.0) 

1027 

(149) 

1351 

(196) 

1227 

(178! 

1386 

(201) 

16 

(4) 

4 

(1) 

16 

14) 

14 

(4) 

12 

(3) 

1536  (223) 

1400  (2031 


410  (59.5) 

386  ( 56.0) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  48128,  77930 


8.1 .3-0.4  (11/76) 


Type  304  L 

TABLE  8.1.3  ME1.1 

Sheet 

Alloy  Designation:  Type  304L  Stainless  Steel 

S40503 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0,040  to  0.125) 

Condition: 

40%  coid  reduced 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Sid  Deviation 

Elong,  percent 

Avg 

Mi  n 

RA,  percent 

Avg 

Mm 

No  of  Spec  (No 

of  Heats) 

E.  GN/m2  (106  psi) 

Avg 

Min 

No  of  Spec  (No 

of  Heatsl 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  * 

Mm 

No  of  Spec  (No. 

01  Heats! 

NTS,  MN/m2  (ksi) 

Avg 

K,= 

Mm 

No.  of  Spec  (No 

Of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA.  percent 

Avg 

Mm 

No.  of  Spec.  (No 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No  of  Spec  (No  ot  Heats! 

NTS,  MN/m2  (ksi!  Avg 

K,  = Mm 

No  of  Spec  (No  of  Heats) 

References,  90O68 


1720  (250)  1630  (236) 


1030  (150)  1160  (168) 


1680  (244)  1510  (219) 


1100  (160)  1200  (174) 


8.1.3  0.5  (11/76) 


TABLE  8.1.3-ME2.1 


Type  304 L 
Sheet 


Alloy  Designation:  Type  304L  Stainless  Steel  S40503 

Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  10.040  to  0.125) 

Condition:  60%  reduced  reduced 


Testing  Temperature,  K (F) 

297  (75) 

77  (-3 20) 

20  (-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

1270  (184) 

1790  (260) 

1770  (256) 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1010  (146) 

1260  (183) 

1520  (221) 

Elong,  percent 

Avg 

Mm 

5.5 

28.5 

5.0 

RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

1 

1 

1 

E,  GN/m2  (10®  psi) 

No  of  Spec.  (No. 

Poisson's  Ratio 

Avg 

Mm 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No  of  Spec.  (No 

Avg 

Mm 

of  Heats) 

NTS,  MN/m2  (ksi) 
Kt  = 

No.  of  Spec.  (No 

Avg 

Mm 

of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

1300  (188) 

1720  (250) 

1840  (267) 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

1100  (160) 

1390  (202) 

1670  (242) 

Elong,  percent 

Avg 

Mm 

6.2 

25.8 

2.2 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

1 

1 

1 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No 

Poisson's  Ratio 

Avg 

Min 

of  Heats) 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 
K,  » 

No  of  Spec.  (No. 

Avg 

Mm 

of  Heats) 

NTS,  MN/m2  (ksi) 

* 

No  of  Spec.  (No 

Avg 

Mm 

of  Heats) 

References:  90068 


8. 1.3-0 .6  (11/76) 


TABLE  8.1.3  ME1.3 


Type  304L 
Sheet 


Alloy  Designation:  Type  304L  Stainless  Steel 


Specification: 

Form:  Sheet 

Thickness,  cm  {in  ):  0.100  to  0.319  (0.040  to  0.125) 
Condition:  70%  cold  reduced 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS.  MN/m2  (ks.) 

Sid  Deviation 

Eiong,  percent 


Avg  1330  (193) 

Mm 


Avg  938  (136) 

Mm 


1760  (255)  1920  (279) 


1430  (208)  1720  (249) 


RA,  percent  t 

,\ 

No  ol  Spec.  (No.  ot  Heats) 

E.  GN/m2  (10®  psi)  / 


No  of  Spec  |No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  ot  Spec.  INo.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  ■ Mm 

No.  of  Spec.  (No  of  Heats) 


Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  1390  (202) 

Min 


Avg  1190  (172) 

Mm 


1850  (269)  2210  (320) 


1550  (225)  1840  (267) 


RA,  percent  / 

N 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  t 


No.  of  Spec.  (No  of  Heats! 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  **  Mm 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References.  90068 


8.1.3  0.7  (11/76) 


A 


Alloy  Designation: 

TABLE  8.1.3-ME1.4 
Type  304L  Stainless  Steel 

S40503 

Type  304L 
Plate 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

Over  5.080  (2.000) 

Condition: 

Annealed 

Testing  Temperature,  K (F) 


297  (75) 


77  (-320) 


20  (-423) 


8 1.3  1 (11/76) 


m 


Alloy  Designation:  Type  3041  Stainless  Steel 


Specification: 

AMS-5647B,  QO-&763 

Form: 

Bar 

Diameter: 

Up  to  2.54  cm  (1.000  in.! 

Condition: 

Annealed 

TABLE  8.1.3  ME2 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Ayg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec.  (No.  cf  Heats) 

NTS,  MN/m2  (kti)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

Elong,  percent  Avg 


Avg  81.2 

Min  79 

5 (3) 

Avg  190  ( 27.6) 

Min 


73.9 

71 

4 (2) 


1 (219) 

1882  (273) 

1660 

> (207) 

1882  (273) 

1620 

(66.6) 

522  (75.8) 

547 

(65.7) 

1 520  (754) 

537 

42.9 

42.1 

33.9 

42.3 

36.7 

33.6 

65.9 

41.2 

55.6 

61 

38.6 

54.0 

(3) 

4 (2) 

5 

(29.7) 

201 

RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No.  of  Heats) 

References:  48128,  54986,  89543 


8.1.3  2 (11/74) 


Stress,  MN/m 


TABLE  8-1.3-TR1 


Alloy  Designation:  Type  304 L Stainless  Steel  S40503 


Specification: 

Form: 

Dimension : 

Condition:  Annealed 


Testing  Temperature  K (F! 

273  (32) 

100  ( 280) 

50  (-370) 

20  (423) 

10  (442) 

4 (452) 

Thermal  Conductivity 

Watts  m1  K*' 

Btu  hr1  ft*1  F-1 

No.  of  Spec 

References: 

Thermal  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

No.  of  Spec 

References:  48134 

0 

1 

0.234 

1 

■0.268 

1 

•0.275 

1 

1 

Specific  Heat 

Joules  kg  ^ K'^ 
Btu  lb*^  F'l 

No  of  Spec 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft’^ 

No  of  Spec. 

References: 

70.0  x 10  8 

(4211 

1 

545  x 10  8 

(328) 

1 

50.5  x 10  8 

(304) 

1 

49.0  x 10  8 

(295) 

1 

49.0  x 10-8 

(295) 

1 

49.0  x 10'8 

(295) 

1 

8. 1.3-6  (1 1^76) 


Type  310 

TABLE  8.14-ME0.1 

Sheet 

Alloy  Designation:  Type  310  Stainless  Steel 

S3 1000 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.039  (0.039) 

Condition: 

Cold  rolled  40% 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS.  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  p^) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

K{  - 6.3 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Ki- 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


297  (?5) 


20 

(423) 

1873 

(271.7) 

1806 

(262) 

1382 

(200.5) 

1255 

(182) 

28.5 

28.0 

3 

(1) 

1898 

(275.3) 

1896 

(275) 

3 

(1) 

1813.3  (263) 

1806.4(262) 

Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 
Condition:  Cold  rolled  60% 


Testing  Temperature,  K (F) 


Tension.  Lonoitudinal 


TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  =*  6.3 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Kt  - 6.3 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt- 

No.  of  Spec.  (No.  of  Heats) 

References:  39429 


297(75)  I 195  (-108)  j 77  (-320) 


1202 

(174.3) 

1608.5  (233.3) 

1903 

(276) 

1165 

(169) 

1606.5  (233) 

1875 

(272) 

1055 

(153) 

1413  (205) 

1603 

(232.5) 

1048 

(152) 

1386  (201) 

1593 

(231) 

3.33 

17.0 

18.50 

3.00 

17.00 

18.00 

3 

m 

3 (1) 

3 

(1) 

1243 

(180.3) 

1708  (247.7) 

2041 

(296) 

1234 

(179) 

1703  (247) 

2034 

(295) 

3 

(1! 

3 (1) 

3 

(1) 

1968 

(285.5) 

1958 

(284) 

1562 

(226.5) 

1482 

(215) 

16.00 

16.00 

2 

(1) 

2123 

(308) 

2103 

(305) 

2 

(1) 

1 1 
8.1.4-0.2(11/76) 

Lk 


Alloy  Designation: 


310  Stainless  Steel 


Spmatiartiem: 

Form : 

Thick  ne*,  cm  (in.) 
Condition: 


She* 

Up  to  0,099  (0.039) 
Cold  rolled  75% 


Testing  Temperature,  K (F) 


297  (75) 


Tension,  Longitudinal 
TUS,  MN/m2  (k»i) 


Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  <ksi> 

Kt  - 6.3 

No.  of  Spec.  (No.  of  Heats) 


NTS,  MN/m2  (ksi) 

Kf  - 19+ 

No.  of  Spec.  (No.  of  Heats) 


Tension.  Transverse 


TABLE  8.1.4-ME0.3 


195  (-108)  1 77  (-320)  120  (-423) 


1404  (203.63)11718.6(249.2712002  (290.39) 
1386  (201)  1 1654.7  (240)  11930.5(280) 

9.7  (1.41) 


8 (2) 


1535.5  (222.7) 

1448 

(210) 

44.3 

(6.42) 

1786 

(259) 

1737.5  (252) 

33.9 

(4.92) 

10.42 

1.00 

18 

(3) 

195 

(28.3) 

186.8 

(27.1) 

5 

(1) 

2230 

(323.5) 

2144 

(311) 

15 

(3) 

1446.5  (209.8) 

1303 

(189) 

5 

(1) 

2145.6  (311.19) 

2054.6  (298) 

47.5 

(6.89) 

1796 

(260.5) 

1668.5  (242) 

82.7 

(11.99) 

Type  310 
Sheet 


TABLE  8.1.4-ME0.4 

Alloy  Designation:  Type  310  Stainless  Steal  (Weld  Metal) 


Specification: 

Form:  Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Sheet  75%  cold  reduced,  welded,  tested  as  welded 


Type  310 
Sheet-Weld  Metal 


Testing  Temperature,  K (F) 

297  (75) 

195 

(-108) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

Avg 

Mm 

601  (87.2) 

592  (85.8) 

758 

731 

(110) 

(106) 

TVS,  MN/m2  (ksi) 

Std  Deviation 

A vg  i 

Mm  | 

Elong,  percent 

Avg  1 

Min 

1.9 

1 

2.2 

2 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  r ,-ats) 

8 12) 

8 

(2) 

E,  GN/m2  (1t)6  psi) 

Avg 

Min 

No.  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K*  * Min 

No.  of  Spec,  (No.  of  He3tsi 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  596  (86.5)  765  (111) 

Min  571  (82.8)  752  (109) 


77  (-320)  | 20  (-423) 


1120  (163)  1420  (206) 

1090  (158)  1380  (200) 


8 12) 


8 (2) 


1150  (167)  1340  (195) 

1140  (166)  1290  (187) 


RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  He-  ;s) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  48652, 49088 


8.1. 4-0.4  (11/76) 


8 (2) 


8 (2) 


■ 


Type  310  Stainless  Steal 


Form:  Shoot 

Thickness,  cm  (in.}:  Up  to  0.099  {0.039} 
Condition:  80-85%  cold  worked 


TABLE  8.1.4-ME0.5 


S3 1000 


Type  310 
Sheet 


i 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 


297  (75) 

1 

! 

[20  (-423)  | 

Avg  1310  (190) 

Min  1300  (188) 


2060  (299) 
2030  (295) 


TYS,  MN/m2  (ksi) 

Std.  Deviation 


Avg  1150  (167) 
Min  1140  (166) 


Elong,  percent 


Avg 

Min 


2.3 

2.0 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats)  4 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


(1) 


1740  (253) 
1720  (249) 


8.1 

6.C 


6 (1) 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  * 6.3  Min 

No.  of  Spec.  (No.  of  Heats) 


1370  (198) 
1330  (193) 
4 (1) 


NTS,  MN/m2  (ksi)  Avc 

Kt  “ Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K,- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt” 

Min 

No.  of  Spec.  (No,  of  Heats) 

References:  49971 


2170  (315) 
2090  (303) 
6 (1) 


8.1. 4-0.5  (11/76) 


Type  310 

TABLE  8.1.4-ME0.8 

Sheet 

Alloy  Designation:  Type  310  Stainless  Steel 

S3 1000 

Specification: 

Form:  Sheet 

Thick nea,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  90-92%  Cold  worked 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1370 

(199) 

Mm 

1360 

(198) 

Std.  Deviation 

1 /S,  MN/m2  (ksi) 

Avg 

1170 

(170) 

Min 

1150 

(167) 

Std.  Deviation 

Elong,  percent 

Avg 

1.3 

Min 

1.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

6 

(1) 

E.  GN/m2  <10®  psi) 

Avg  | 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg  | 

1360 

(197) 

Kt  = 6.3 

Min  ' 

1320 

(191) 

No.  of  Spec.  (No.  of  Heats) 

6 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

*t  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Etong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


20  (-423) 


2140  (310) 
2120  (307) 


1840  (287) 
1810  (262) 


7 (1) 


2040  (296) 
1800  (261) 
7 (1) 


8.1.4-0.8(11/76) 


TABLE  B.1  AAIE2.1 


Type  310 
Sheet 


Alloy  Owiyation:  Type  310  Steinlees  Start S31000 

Specification:  AMS  6621 B 

Form:  Sheet 

Thick  nett,  cm  (in.):  0.100  to  0.319  (0.040  to  0.126) 

Condition:  Cokf  rolled  3/4  hard 


1 


Testing  Temperature,  K (F) 

297(76) 

195  (-108) 

77 

(-320) 

20  (-423) 

Tension,  L mgitudinel 
TUS,  MN/it.2  (ksi) 

Avg 

1127 

(1633) 

1267  (183.8) 

1619 

(2343) 

1686  (2443) 

Min 

112-1 

(163.0) 

1258  (182.5) 

1603 

(232.5) 

1669  ( 242.0) 

Sid.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

1027 

(149.0) 

1140  (166.4) 

1444 

(2093) 

1551  (225.0) 

Min 

979.1 

(142.0) 

1111  (161.2) 

1434 

(208.0) 

1517  (220.0) 

Std.  Deviation 

Elong,  percent 

Avg 

3.2 

73 

12.8 

2.0 

Min 

2.5 

7.0 

12.5 

2.0 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

211 

(30.6) 

217  (313) 

223 

(32.4) 

230  (33.4) 

Min 

211 

(30.6) 

216  (31.3) 

219 

(31.8) 

230  (33.3) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

2 (1) 

2 

(1) 

2 (1) 

Poisson's  Ratio 

0.23 

0.30 

030 

030 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

<t“ 

Min 

No.  of  Spec.  (No.  cf  Heats) 

NTS,  MN/m-'  (k'i) 

Avg 

Kf 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksO 

Avg 

1226 

(177.8) 

1356  (196.6) 

1636 

(237.3) 

1775  (2573) 

Min 

1214 

(176.1) 

1342  (194.7) 

1627 

(236.0) 

1772  (257.0) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

1000 

(145.1) 

1059  (153.6) 

1384 

(2003) 

1595  (231.3) 

Min 

987.3 

(143.2) 

999.7  (145.0) 

1379 

(200.01 

1575  (228.51 

Std.  Deviation 

Elong,  percent 

Avg 

3.8 

6.5 

9.1 

23 

Min 

2.1 

4.0 

63 

2.5 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

2 (1) 

2 

(1) 

2 (1) 

E,  GN/m2  (10®  psi) 

Avg 

210 

(30.5) 

214  (31.0) 

222 

(32.3) 

215  (31.2) 

Mm 

210 

(30.4) 

214  (31.0) 

221 

(32.1) 

214  (31.0) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

2 (1) 

2 

m 

2 (1) 

Poisson's  Ratio 

0.30 

0.30 

0.30 

0.30 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt‘ 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kf 

Min 

No.  of  Spec.  (No.  of  Heats) 

Reference!:  61688 


58 


8.1. 4-2.1  (11/16) 


A 


Type  310 

TABLE  8.1.4-ME2J2 

Sheet-Weld  Metal 

Alloy  OeMgr  ‘.ion:  Type  310  Stainteu  Steel  (Weld  Metal) 

S31000 

Specification:  AMS  5621B 

Form:  Sheet-TIG  welded,  310  ttaintetwteel  filter 

Thick  nea,  cm  {in.):  0.100  to  0.319  {0.040  to  0.126) 

Condition:  Cold  rotted  to  3/4  hard,  welded,  tatted  at  waldad 


Tatting  Tamparature,  K <F) 


Tantion,  Longitudinal 
TUS,  MN/m2  (kti) 

Std  Deviation 

TYS.  MN/m2  (kti) 
Std.  Deviation 

Etong,  par  cant 


297(75)  I 196  {-108) 


Avg  530  <76.8)  722.6(104.8) 

Win  614  (74.6)  713.6(103.5) 


Avg  380  (55.1)  523  (75.9) 

Min  362  (52.5)  517  ( 75.0) 


77  (-320) 


1026  (148.8) 

1017  (147.5) 


751.5  (109.0) 
751.5  (109.0) 


RA,  par  cant  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  ( 10®  pt«)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poitton't  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (kti)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (kti)  Avg 

K*  m Min 

No.  of  Spec.  (No.  of  Heats) 

Tantion,  Trantverta 

TUS,  MN/m2  (kti)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (kti)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poitton’t  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (kti)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (kti)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

Raferencet:  61688 


Avg  181  (26.2)  187  (27.1) 

Min  170  (26.0)  184  (26.7) 

2 (1)  2 (1) 


199  (28.8) 
194  (28,1) 
2 (1) 


8.1.4-2.2(11/76) 


Type  310 
Plate 


TABLE  8.1.4-ME3 


Alloy  Designation:  Type  310  Stainless  Steel 


Specification: 

Form; 

Plata 

Thickness,  cm  (in.): 

1.270  to  2.540  (0.500  to  1.000) 

Condition: 

Anneal  ad 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS.  MN/m2  {ksi) 
Std.  Deviation 

Elortg,  percent 


297  (75) 


Avg  569  (82.5) 

Min 


170  (-164)  77  (-320)  20  (-423) 


793  (115)  1096  (159) 


RA,  percent  t 

h 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Kt  - 6.3 

No.  of  Spec.  (No.  of  Heats) 


Avg  752  (109) 

Min 

(1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


1014  (147)  1365  (198) 


RA,  percent  Avg 

"Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec  (No  of  Heats) 

References:  52856 


8. 1.4-3  (11/74) 


53' i 


Type  310 

TABLE  8.1.4-ME3.1 

Plate-Weld  Metal 

Alley  Designation:  Type  310  Stainless  Steel  (Weld  Metal) 

S3 1000 

Specification: 

Form:  Ptete-MIG  welded,  type  310-covered  electrode 

Thickness,  cm  (in.):  1-270  to  2.540  (0.500  to  1.000 

Condition:  Plate  welded,  weldment  annealed  1422  K (2100  F)  1 hr,  WQ.  tested  as  quenched 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Sid.  Deviation 

TYS,  MN/m2  (ksi) 

Sid.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10<>  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 6.3 

No.  of  Spec.  (No.  of  Heatsl 

NTS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  of  Heats) 

Tension.  T ransversa 


TUS,  MN/m2  (ksi) 
Std,  Deviation 
TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297(75)  I 168  (-156) 


564(81.8)  810.1  (1175) 


1095  (158.8) 


755.0  (109.5)  996.3(144.5) 


1303  (189.0) 
1 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 
NTS,  MN/m2  (ksi) 

Kt* 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt* 

No  of  Spec.  (No.  of  Heats) 

References:  52856 


8.1 .4-3.1  (11/76) 


Testing  Temperature,  K (F) 


297  (75) 


77  <-320} 


4 (-452) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TVS.  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Etong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  <10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


545  {79) 


241  (35) 


1055  (153) 


545(79) 


NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec,  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt» 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  T mnsverse 

TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

ot  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K.  - 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No  of  Spec,  (No.  of  Heats) 


1179  (171) 
765  (111) 


References:  942U6B 


8. 1.4-4  (11/76) 


8.1. 4-4.1  (11/78) 


TABLE  8.1 .4-ME4 


Alloy  Designation:  Typt  310  Stainleat  St— 1 

Specification: 

Form:  Bar 

Diameter:  Up  to  2.640  cm  (1.000  in.) 

Condition:  Annealed 


Type  310 
Bar 


Tewing  Temperature,  K (F) 


TUS,  MN/m2  (ksi) 

Std.  Deviation 
TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent  Avfl 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poitton't  Ratio 

Work  Hardening  Goef 

NTS,  MN/m2  (kti)  Avg 

Kt  - 3 Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K*  * 6.4  Min 

No.  of  Spec.  (No.  of  Heats! 

Tension,  Tram  verse 

TUS,  MN/m2  (kti)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (kti)  Avg 

Min 

Std  Deviation 

Ekmg,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  pti)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poitton't  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (kti)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (kti)  Avg 

K,  - Min 

No  of  Spec.  (No.  of  Heats) 

Refer  anew.  54988,  64373, 89643 


297  (76)  (195  (-108)  (77  (-320)  20  (423) 


685  <84.8)  738  (107)  1091  (168) 


642  (78.6) 

23  (3.35) 

338  (49.07 

217  (31.5) 

112.6  (16.33 


Avg 

779 

(113) 

Min 

2 

(1) 

Avg 

775 

(112.4 

Min 

758 

(110.0 

5 

(1) 

1082  (157) 


303  (43.9)  1 520  (75.6) 

512  (74.3) 


49.6 

46.2 
3 (2) 

206  (29.9) 

3 (1) 

0.303 


2 (1) 


8.1.4-6(11/76) 


■ 


685  (99.3) 

138  (20.02)| 


485 

34.1 

8 (2) 


1772  (257) 

2 (D 

1300  (188.6) 

1089  (158.0) 

5 (1) 


717  (104) 

703  (102) 


Stress , Ksi 


Type  316 
Sheet 


TABLE  8.1.5  -ME1 


Alloy  Designation:  Type  316  Stainless  Steel 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 
Condition:  Annealed 


Testing  Temperature,  K (F) 

297 

(75)  1 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

596 

(86.4) 

Min 

592 

(85.9) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

275 

(39.8) 

Mm 

273 

(39.0 

Std.  Deviation 

Elong,  percent 

Avg 

60.5 

Mm 

60 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

3 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt» 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt" 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  / 

ft 

Std.  Deviation 

TYS,  MN/m2  (ksi)  / 

l\ 

Std.  Deviation 

Elong,  percent  / 


20  (-423) 


1576  (229) 

1510  (219) 


666  (96.6 

660  (95.8 


3 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

References:  33262 


8.1 .5-1  (11/74) 


TABLE  8.1 .5-ME1.1 


Type  316 
Sheet-Weld  Metal 


Alloy  Designation:  Type  316  Stainless  Steel  (Weld  Metal) 


Specification: 

Form:  Sheet -TIG  welded.  Type  347  filler 

Thickness,  cm  (in.):  0.100  to  0-319  (0.040  to  0.125) 

Condition:  Annealed  sheet  welded  and  tested  at  welded 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 


TUS,  MN/m2  (ksi) 
Std.  Deviation 
TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


RA,  oercent 


No.  of  Spec,  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coe f 

NTS,  MN/m2  (ksi) 

Kt“ 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kf- 

No.  of  Spec.  (No.  of  Heats) 

tension,  Transverse 


TUS,  MN/m2  (ksi) 
Std.  Deviation 

TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

*t« 

No.  ol  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt- 

No.  of  Spec.  (No.  of  Heats) 

References:  r—  / 


297 (75) 


TABLE  8.1.5  ME3 


Type  316 
Plate 


Alloy  Designation:  Type  316  Stainless  Steel 

Specification: 

Form:  Plate 

Thickness,  cm  fin.):  1.270  to  2.540  (0.500  to  1.000) 
Condition:  Annealed 


Testing  Temperature,  K (F) 

297  (75) 

233  (40) 

195  (-108) 

153  (-184) 

77  (-320) 

10  (-442) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No,  of  Spec.  (No  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

cc,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear<a> 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G.  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  ot  Heats) 

Impact,  Charpy  V,  Testing  Temp. 

Long.,  J(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  J(ft-lb)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Fracture  Toughness^) 

K|c  MN/m2/2iksi/in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 

K|g,  MN/m2^2(ki?y  in.)  Avg 

(From  PTSC  spec.)(  - )Min 
No.  of  Spec.  (No.  of  Heats) 

192  (142) 

210  (155) 

168  (124) 

146  (108) 

146  (108) 

132  (97) 

References:  52856 


(a)  Indicate  specimen  design  and  crientaticn  for  sheer  specimens’ 

(b)  Indicate  specimen  design  for  K|c  data: 


\\ 


G J ,.< 


8.1. 5-3  (11/74) 


TABLE  8.1.5  ME3.1 


Type  316 
Plate-Weld  Metal 


o 


Alloy  Designation;  Type  316  Stainless  Steel  \Weid  Metal) 


Specification: 

Form:  Plate  MIG  welded,  type  316  covered  electrode 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate  welded,  annealed  1366  K (2000  F)  1 hr.  WO,  tested  as  quenched 


Testing  Temperature,  K (F) 

Tension.  Longitudinal 
TOS,  MN/m2  (ksi) 

Sid  Deviation 

TYS.  MN/m2  (ksi) 

Sid  Deviation 

Elong,  percent 

RA,  percent 

No  u!  Spec.  (No  o(  Heats) 

E,  GN/m2  (106  psi) 

No  of  Spec.  (No  o!  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 


Avg 

Mm 


NTS.  MN/m2  (ksi) 

Avg 

Kt  = 6.3 

Mm 

No.  of  Sr-'r  (No 

of  Heat  si 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No. 

of  Hunts) 

Tension,  Transverse 

TUS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

■ -'g 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec  (No. 

of  Heals) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  o'  Spec  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Mm 

No.  of  Sfiec.  (No 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec,  (No  of  H«ots) 

References:  52856 


553  (80.2) 


655.0  (124.01 


| 297  (75) 

1 168  (-156) 



|77~  (320* 

| | 

[4  (-452) 

55.0 


60.0 


60.0 


51.5 


699.8  (101.5) 


868.7  (126.0) 


1176  (170.5) 


1382  (200.5) 


53.0 


54.0 


1127  (163.5) 


50.0 

43.0 


1351  (196.0) 


6(; 


Alloy  Designation:  Type  316  Stainless  Steel 


Specification: 

Form: 

Bar 

Diameter: 

Up  to  2.540  cm  (1.000  in.) 

Condition: 

Annealed 

TABLE  8.1.5-ME4 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Eiong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K*  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec,  (No.  of  Heats) 

Tension,  T ransverso 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Eiong,  percent  Avg 


297  (73) 


195  (-108)  1 122  (-240)  | 77  (-320) 


Avg  647  (93.9)  910  (132)  1110  (161)  1269  (184) 


(-452) 


1489  (216) 


RA,  percent  Avg 

\i;n 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m 2 (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats' 

References:  45464 


8. 1.5-4  (11/74) 


TABLE  8.1.6-MS2.1 

Alloy  Designation:  Typa  321  Stainless  Steel  (Weld  Metal) 


Specification: 

Form:  Sheet-TIG  welded,  filler  not  specified 

Thickness,  on  (in.):  0-100  to  0.319  (0.040  to  0.12S) 

Condition:  Annealed  sheet  welded  and  tested  as  welded 


Type  321 
Sheet  Weld  Metal 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297(75) 


TUS.  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats} 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/mZ  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Etong,  percent  Avg 


77  (-320)  20  (-423) 


1413  (205.0)  893.8(129.6) 
1367  (198.3)  792.9(115.0) 


3 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  p«)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/nt2  (ksi)  Avg 

Kt  - Min 

No.  Of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  61996 


8.1. 6-2.1  (11776) 


TA8LE  8.1.6-ME3 


Alloy  Designation:  Type  321  Stainless  Steel 


Specification: 

Form: 

Plat* 

Thickness,  cm  (in.): 

0.635  to  1.269  (0.250  to  0.499) 

Condition: 

Annealed 

Type  32T 
Plate 


Avg  236  (34.3) 

Min  205  (29.8) 


65.4 

63.8 

2 (1) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal  j 

TUS,  MN/m2  (ksi)  Avg  560  (81.2) 

Min  543  (78.7) 

Std.  Deviation 

TYS,  MN/m*  (ksi)  Avg  236  (34.3) 

Min  205  (29.8) 

Std.  Deviation 

Elong,  percent  Avg  58.2 

Min  57.5 

RA,  percent  Avg  65.4 

Mm  63.8 

No  of  Spec.  (No.  of  Heats)  2 (1) 

E,  GN/m^  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  581  (84.3) 

Kt  - 6.3  Min  579  (84.0) 

No.  of  Spec.  (No.  of  Heats)  3 (1) 

NTS,  MN/m*  (ksi)  Avg 

* Min 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/mZ  (ksi)  Avg 

Min 

Std,  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No  of  Spec.  (No.  of  Heats) 

References:  66080 

izn-xc 


8. 1.6-3  (11/74) 


20  (-423) 


1494  (217) 

1453  (211) 


393  (57.0) 

386  (56.0) 


733  (106) 

696  (101) 

2 (1) 


TABLE  8.1.6-ME4 


Alloy  Designation:  Type  321  Stainless  Steel 


Specification: 

Form: 

Bar 

Diameter: 

Up  to  2.54  cm  (1.000  in.) 

Condition: 

Annealed 

Testing  Temperature,  K (F)  297  (75) 

Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ks.) 
Std.  Deviation 

Elong,  percent 


Avg  673  (97.6)  1054  (153)  1537  (223)  1862  (270) 

Mm  670  (97.2)  1043  (Ibl)  1516  ( 720)  1844  (267) 


Avg  429  (62.2)  385  (55.9)  451  (65.4)  403  (58.5) 

Min  425  (61.6)  371  (53.81  445  (64.6  ) 402  (58.3) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 


72.7 

71.8 
3 (1) 


43.6 

2 (1) 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No  of  Spec  (No  of  Heats) 

References:  54986 


8.1 .6-4  (11/74) 


Fatigue  Cycles 

FIGURE  8.1.6-ME2.  AXIAL  FATIGUE  LIFE  CURVES  FOR  321  (ANNEALED)  STAINLESS  STEEL  ALLOY  SHEET  0.230  cm 
(0.090  in.)  THICK,  AS  WELDED  (TIG  welded;  filler  not  specified]  [61996] 


TABLE  8.1.6-TR1 


Alloy  Designation:  Type  321  Stainle**  Steel 


Specification: 

Form: 

Di  mem  ion: 

Condition:  Annealed 


u 


Tasting  Temperature  K (F) 


273  (32! 

100  (-280) 

50  (-370) 

mm 

0 

-0.232 

-0.267 

•0.268 

-0.269 

-0.269 

2 

2 

2 

2 

1 

1 

74.0  x 10  8 

57.5  x 10'8 

53.5  x 10  8 

53.0  x 10'8 

53.0  x 10-8 

53.0  x 10-8 

(445) 

(346) 

(322) 

(319) 

(319) 

(319) 

1 

1 

1 

1 

1 

Thermal  Conductivity 

Watt*  m"1  K*1 
Btu  hr1  ft*1  F-1 

No.  of  Spec. 

References: 

Thermal  Expamion  (T973  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

Reference*:  48134,  68332 

Specific  Heat 

Joule*  kg*1  K*1 
Btu  lb-1  F-1 

No.  of  Spec. 

Reference*: 

Electrical  Re*i*tivity 
Ohm  m 

Ohm  circular  mil  ft'1 
No.  of  Spec. 

Reference*:  79561 


8. 1.6-6  (11/74) 


TABLE  8.1.7-TR1 


Type  303 


Alloy  Designation:  Type  3G3  Stainless  Steel 


’•Specification: 


form: 

dimension: 
Condition : 


Testing  Temperature  K (F) 

273  (32) 

tuO  (-280) 

50  (-370) 

20  (-423) 

10  (-442) 

mm 

Thermal  Conductivity 

Watts  in-'  K-> 

Btu  hr"1  ft'1  F'1 

No.  of  Spec 

References: 

Thermal  Expansion  {T?7n  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  48134 

0 

0.233 

1 

0.263 

1 

0.267 

1 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb"1  F"1 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No.  of  Spec. 

References:  79561, 90318 

71.2  x 10^ 

(428) 

2 

53.7  x 10-8 
(323) 

2 

50  x IQ"8 

(301) 

2 

50  x 10-8 

(301) 

2 

50  x 10-8 

(301) 

2 

50  x 10-8 

(301) 

2 

61 


8. 1.7-3  (11/76) 


Testing  Temperature,  K <E) 


297  (75) 


77  (-320) 


4 (-452) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Avg 

Min 


Avg 

Min 


Avg 

Mm 

Avg 

Min 


Avg 

Min 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 


Avg 

Min 


Avg 

Min 


585  (84.8) 


261  (37.9) 


53.8 


70.7 


798  (115.8) 


1098  (159.2) 


604  (87.6) 


71.8 


51.6 


1355  (196.5) 


Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 


1303  (189.0) 

817  (118.5) 

64.3 

44.6 

1598  (231.8) 


References:  94 206 E 
94208G 


8.1.8-1  (11/75) 


Specification : 

Form: 

Thickness,  cm  (in.): 
Condition: 


Forging 

Up  to  2.540  (1.000) 

Solution  Treated  1365  K (2000  F)  1 hr.,  FC  to  700  K (800  F)  30  min.,  AC 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m*  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


77  (-320) 


Avg  578  (83.8)  1034  (150.0)  1300  (188.5) 

Mm 


Avg  226  (32  8)  574  (83.2) 

Mm 


817  (118.5) 


RA,  percent  / 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  pSj)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

Kt  = \ 

No.  of  Spec.  (No.  of  Heats' 


Avg  763  (110.6)  1198  (173.8)  1472  (213.5) 

Min 


NTS,  MN/m2  (ksi)  Avg 

Kt  Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  V V/m2  (ksi)  Avg 

Mm 

Std.  Deviation 


Elong,  percent 


RA,  percent 


No.  o'  Si.-*-;.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  *ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (k$i>  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


References:  94206E 
94208G 


8. 1.8-2  (11/75) 


Growth  Rate,  da/dN,  mm/cycle 


Stress  Intensity  Factor  Range,  AK,  (.si  /irv 
10  20  40  6080100  200  400  600  1000 


' a -320  F (77  K) 
° -452  F (4  K) 


Solution-Treated  and 
Water  Quenched  Plate 
1.270-2.540  cm 
(0  500-1.000  in.) 


a -320  F (77  K) 
o -452  F (4  K) 


Jm 


j/»'i 


Solution-Treated  anci 
Furnace-Cooled  Plate 
1.270-2.540  cm 
(0.500-1.000  in.) 


Stress  Intensity  Factor  Range,  Ak,  MN/m 


FIGURE  8.1.8-ME1.  FATIGUE  CARCK  GROWTH  RATE  PROPERTIES  OF  AISI  310S  STAINLESS 
STEEL  AT  77K  AND  4K  (-320F  AND  -452F)<94208G> 


6jv;< 


8. 1.8-3  (11/75) 


TABLE  8.1.8  TR1 

Type  31GS 

Alloy  Designation: 

Type  31  OS  Stainless  Steel 

S3 1008 

Dimension : 
Condition: 


Testing  Temperature  K (F) 


(-280)  ' 50 


(-370)  20 


(-423)  10 


4 (-452) 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr'1  ft'1  F'1 

No.  of  Spec 

References:  94206 

Thermal  Expansion  (T?7a  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No.  of  Spec. 

References:  90202,  94208, 
95168 

Electrical  Resistivity 


Ohm  m 

Ohm  circular  mil  ft*1 

No.  o'  Spec. 

References:  94260,  94208 
* Extrapolated 


90  x 10‘8 

(541) 

2 


(6.09  x 102) 


78  x 10 8 

(469) 

2 


(2,51  x TO  2y 


74  x 10  8 

(445) 

2 


(2.89  x TO  3) 


71  x 10‘8 

(427) 

2 


(1.28  xIO-3)  (5.35  xIO'4) 


70  x 10‘8 

(421) 

2 


70  x 10‘8 

(421) 

2 


6.1  /< 


8 1.8  4 (11/76) 


Temperature,  K 


FIGURE  8.1.8-SI.  SPECIFIC  HEAT  VERSUS  TEMPERATURE  FOR  TYPE  310S  STAINLESS  STEEL 


8.1.8-5(11/76) 


Alloy  Designation : 


Testing  Temperature, 


Tension.  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (kst) 

Std  Deviation 

Elong,  percent 


TABLE  8.1.9-ME7 

Type  347  Stainless  Steel  S34700 


Type  347 
Plate 


Specification : 

Form: 

Plate 

Thickness,  cm  (in.): 

1.270  to  2.540  (0.500  to  1.000} 

Condition: 

Annealed  2000  F 1 hr.,  WQ 

Average  grain  diameter  0.013mm 

297  (75) 


168  ( 76) 


77  (-320) 


Avg  594  (86.2)  982  (142.5)  1322  (191.7)  1560  (232.0) 

Mm  554  (80.4)  962  (139.6)  1296  (188.0) 


465  (67.4)  493  (71.6) 


RA,  percent  f 

N 

No  ot  Spec.  (No.  of  Heats) 

E,  GN/m2  <1Q6  psi)  / 

fi 

No  of  Spec.  (No.  ol  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  f- 

Kt  = 6.3  N 

No.  ot  Spec.  (No.  ot  Heats) 


Avg  724(105.0)  1114  (161.5)  1200  (174.0)  1351  (196.0) 

Mm 

1111 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  ot  Spec.  (No.  Of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  * Min 

No  of  Spec.  (No.  of  Heats) 

References:  52856,96683 


8. 1.9-7  (11/76) 


Type  347 
Plate 


TABLE  8.1.9  ME7.1 


Alloy  Designation:  Type  347  Stainless  Steel 


i 


-| — — 

TABLE  8.1.9-ME7.2 

Alloy  Designation:  Type  347  Stainless  Steel  (Weld  Metal)  S34700 

Type  347 
Plate-Weld  Metal 

Specification: 

Form:  PlatoMIG  welded,  type  347  covarad  electrode 

Thick  nan,  cm  (in.) : 1 .270  to  2.540  (0.500  to  1 .000) 

Condition:  plat*  welded,  annnealed  1366  K (2000  F)  1 hr,  WQ,  tested  as  quench  ad 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Eking,  percent 


297  (75) 


168  (-56) 


Avg  634  (92.0)  1034  (150.0) 

Min 


77  (-320) 


1358  (197.0) 


4 (452) 


1505(227.0) 


RA,  percent  A 

K 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (106  psi)  A 

ft 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coaf 


NTS,  MN/m2  (ksi) 

Kt=  6.3 

No.  of  Spec.  (No.  of  Heats) 


Avg  761.9(110.5)  899.7(130.5) 

Min 

1 1 


NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


1045  (151.5) 


1200(174.0) 

1 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Goaf 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K|  ■ Min 

No.  of  Spec.  (No.  of  Heats) 

References:  52856 


6c  .< 


8, 1.9-7 .2  (11/76) 


Tasting  Temperature,  K (F) 


297  {76} 


90  (-300) 


20  (-423}  j 


CYS,  MN/m2  {k*i)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Ec,  GN  /m2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2(10®psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shear<»> 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  { 1 0®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Impact,  C harpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness*®) 

K|cMN/m3/2(ksi>/in.)  Avg 

Min 

Orientation'.  - 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m3/2(ksi/in.)  Avg 

(From  PTSC  spec.K  — )Min 
No.  of  Spec.  (No.  of  Heats) 


104  (77)  80.0(69) 

78.6  (58)  71.9  (53) 


References:  94205 


(a)  Indicate  specimen  design  and  orientation  for  hear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


6<  *.< 


8.1. 9-8  £11/76) 


FIGURE  8.1.9-ME1.  UNNOTCHED  (KT  = 1)  FLEXURE  FATIGUE  BEHAVIOR  OF  ANNEALED  347  STAINLESS 
STEEL  SHEET  (Up  to  0.099cm  [0.039  in.]  )49048 


TABLE  8.1.9-TR1 


Type  347 


Alloy  Designation:  Type  347  Stainless  Steel  S34700 


Specification: 

Form: 

Dimension. 

Condition: 


Testing  Temfierature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (-423) 

10  (-442) 

4 (-452) 

Thermal  Conductivity 

Watts  m"1  K-1d! 

Btu  hr'1  ft'1  F’1 
No.  of  Spec. 

References:  90193 

Thermal  Expsnsion  (Tyjt  to  T) 
Longitudi:«*l 

13.6 

(7.86) 

1 

9.04 

(5.23) 

1 

5.65 

(3.27) 

1 

2.18 

(1.26) 

1 

0.926 

(0.535) 

1 

Percent 

0 

-0.234 

0.266 

-0.267 

-0.267 

-0.267 

No.  of  Spec. 

References:  69332 

Specific  Heat 

Joules  kg"1  K'1 
Btu  lb*1  F-1 

No.  of  Spec. 

References: 

1 

1 

1 

1 

1 

1 

Electrical  Resistivity 

Ohm  m^1) 

Ohm  circular  mil  ft"1 

74.4  x 10* 

(448) 

58.6  x 10'8 

(352) 

54.7  x 10-8 

(329) 

54.4  x 10* 

(327) 

54.4  x 10* 

(327) 

Ohm  m^> 

70.8  x 10* 

54.0  x 10-8 

50.2  x 10* 

50.0  x 10* 

50.1  x 10* 

50.1  x 10* 

Ohm  circular  mil  ft'1 

(426) 

(325) 

(302) 

(301) 

(301) 

(301) 

No.  of  Spec. 

References:  79561,90193 

2 

2 

2 

2 

2 

2 

u 


(1)  Triple  brazed  condition. 

(2)  Annealed. 


8.1.9-12(11/76) 


L 


•Winniir.i 


IAL  COI 
LESS  SI 


Temperature, 


FIGURE  8.1.9-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  TYPE  347  STAINLESS  STEEL 


TABLE  8.1. tO  ME! 


Type  410 
Bar 


Alloy  Designation:  Type  410  Stainless  Steel 

Specification: 

Form:  Bar 

Thickness,  cm  (in.):  Up  to  2.540  (1.000) 

Condition:  Heat  treated  1255  K (1800  F)  1 hr,  OQ,  tempered  644  K (700  F)  4 hr,  AC 


Testing  Temperature,  K (F) 


297  (75) 


( 320)  I 20 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


Avg  1383  (200.6)  1463  (212.2) 
Mm  1342  (194.7)  1419  (205.8) 


Avg  1383  (200.6)  1463  (212.2) 

Mm  1342  (194.7)  1419  (205.8) 


1821  (264.1)  2213  (321.8) 

1785  (258.9)  2178  (315.9) 


1821  (264.1) 

1785  (258.9) 


RA,  percent  / 

It 

No  ot  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  / 

It 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

X,  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 


TYS,  MN/m2  (ksi) 


Std.  Deviation 


Elong,  percent 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No,  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec.  (No.  of  Heats! 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec.  (No  of  Heats) 

References:  54986 


8.1.10-1  (11/76) 


8.1.10-2  (11/78) 


Type  410 


loy  Designation: 


. lk.  >ecification: 

* 

^^imension: 


Type  410  Stainless  Steel 


TABLE  8.1. 10-TR1 


273  (32) 

100  (-280) 

50  (-370) 

—1 

20  (-423)  1 

1 

10  (-442) 

Thermal  Conductivity 

Watts  m’1  K-1 
Btu  hr1  ft-1  F-1 
No  of  Spec. 

References:  90224 

Thermal  Expansion  (T273  to  Ti 
Longitudinal 

Percent 

No  of  Spec. 

References : 48571 . 90226 

Specific  Heat 

Joules  kg'1  K’1 
Btu  lb'1  F'1 

No  of  Spec. 

References: 

Electrical  Resistivity^11 


Ohm  m 

Ohm  circular  mil  ft'1 

No.  of  Spec 

References:  79561 

(1)  Hardened. 


5.50  x 10  7 4.12  x 10'7  3.86  x 107  3.82  x 10'7  3.82  x 10  7 3.82  x 10  7 

(336)  (248)  (232)  (230)  (230)  C 

111  111 


8.1.10-3(11/76) 


T 


Thermal  Conductivity,  watts  m'1  K 


Temperature,  F 
-200  -100 


Electrical  Resistivity,  ohm  m x 10 


Type  416 

TABLE  8.1.11-ME1 

Bar 

Alloy  Designation: 

Type  416  Stainless  Steel 

Specification: 

Form:  Bar 

Thickness,  cm  fin.):  Up  to  2.540  (1.000) 

Condition:  Heat  treated  ' '55  K (1800  F)  1 hr,  OO,  tempered  644  K (700  F)  4 hr,  AC 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS.  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


195  (-108) 


Avg  1400  (203.1)  1504  <218.1) 

Mm  1388(201.3)  1498  (217.3) 


Avg  1200  (174.1)  1259  (182.6) 

Min  1142  (165.6)  1257  (182.3) 


-320)  20 


1800  (261.1)  2017  (292.6) 
1781  (258.3)  2000  (290.1) 


1598  (231.8)  2017  (292.6) 
1587  (230.2)  2000  (290.1 ) 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (to®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  '.mi  -n2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Miri 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

ESong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heals) 

NTS.  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec  (No.  of  Heats) 

References:  54986 


2.3 

2.1 

2 (1) 


8.1,11-1  (11/76) 


Tasting  Temperature,  K (F) 


Compression,  Longitudinal 

CVS,  MN/m*  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


297(75) 


135  (-108) 


Ec,  GN  In*2  ( 10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Compression,  Transverse 

CVS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

ShearM 

SUS,  MN/m2  (ksi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


Impact,  C harpy  V 

Long.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


45.4 

45.2 

3 


(33.6) 

(33.5) 

(1) 


13.5  (lU.O) 
12.8  (9.5) 

3 (1) 


Trans.,  Nm(ft-lb)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Fracture  Toughness'®* 

K|c  MN/m^flui/in.)  Avg 

Min 

Orientation:  — 

No.  of  Spec.  (No.  of  Heats) 


Kjg,  MN/m2/2(kjiy  in.)  Avg 

(from  PTSC  spec.M  — )Min 
No.  of  Spec.  (No.  of  Heats) 


References:  54986 


(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  Kjc  data: 


3.4 

2.7 

5 


63: 


(2.5) 

(2.0) 

(1) 


8.1.11-2  (1 1/76) 


Alloy  Designation: 


Type  416 


TABLE  8.1.11-TR1 


Type  416  Stainless  Steel 


Specification 


Dimension 

Condition: 


Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  m-1  K'1 
Btu  hr1  ft'1  F-1 

No.  of  Spec. 

References: 

Thermal  Expansion  (T273  t 
Longitudinal 

Percent 

No.  ot  Spec 

References.  48134 


273  (32)  100  (-280) 


to  T)U> 


Joules  kg'^ 
Btu  lb’1  F'1 

No  ol  Spec 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft'^ 

No.  of  Spec. 

References : 79561 


6.62  x 10-7 
(398) 

1 


5.46  x 10-7 

(328) 

1 


5.27  x 10  7 

(317) 

1 


5.23  x 10-7 

(315) 

1 


5.23  x 10-7 

(315) 

1 


5.23  x 10-7 
C 

1 


(1)  Hot-rolled. 

(2)  Hardened. 


8.1.11-3  (11/76) 


A-286 

Sheet 


TABLE  8.2.1-ME1 


Alloy  Designation:  A-286  Stainless  Steel 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

Annealed  1255  K (1800  F)  30  min,  WQ,  aged  865  K (1100  F)  16  hr,  AC 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid  Deviation 

TYS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 


297  (75) 


Avg  1109  (161) 

Mm  1098  (1591 


Avg  632  (91.7) 

Mm  618  (89.7) 


1486  (216) 

.475  (214) 


796  (115) 

780  (113) 


20  (423) 


1714  (249) 

1711  (248) 


915  (133) 

910  (132) 


RA,  percent  fi 

N 

No.  of  Spec.  (No.  ol  Heats) 

E,  GN/m2  (106  psi)  A 

ft 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


3 (1) 


NTS,  MN/m2  (ksi) 

Kt  = 3.2 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Kt  = 6.3 

No.  ol  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


Avg  1062  (154) 

Min  1044  (151) 

i 3 (1) 

Avg  1022  (148) 

Mm  101!  (147) 

I 3 (1) 


Avg  1102  (160) 

Min  1098  (159) 


Avg  659  (95.6) 

Min  649  (94.1) 


1271  (184) 

1239  (180) 
3 0) 

1212  (176) 

1191  073) 

3 (1) 


1468  (213) 

1468  (213) 


868  (126) 

838  022) 


1528  (222) 

1517  (220) 
3 (1) 

1377  (200) 

1359  (197) 
3 O) 


RA,  percent  / 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  / 

It 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  A 

K,  - 3.2  ft 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  / 

Kt  = 6.3  ft 

No  of  Spec.  (No  of  Heats) 

References:  39414 


Avg  1111  (161) 

Mm 

1 O) 

Avg  1080  (157) 

Min 

1 (I) 


2 (1) 


1338  (194) 

1 (1) 

1282  (186) 

1 (1) 


8,2. 1-1  (11/74) 


V/ 


k 


TABLE  8.2.1 -ME5 


A-286 

Sheet 


Alloy  Designation:  A-286  Stainless  Steel 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Sheet 

0.100  to  0.319  (0.040  to  0.125) 

Annealed  1255  K <1800  F)  30  min,  WQ  or  AQ, 


aged  990  K (1325  F)  16  hr,  AC 


Testing  Temperature,  K (F) 

297 

(75) 

77 

1-320) 

20 

(423) 

Fatigue,  Flexural  Loading,  Surface  F 

inish  72  rms 

Sfj  at  10®  cycles,  MN/m2(ksi) 

538 

(78) 

703 

(102) 

772 

(112) 

Loading  frequency  30-40 Hz 
with  R * -1  and  Kt  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 

(1) 

1 

(1) 

1 

ID 

Ratio  Spj/TUS  at  10®  cycles 

0.52 

0.52 

0.52 

Sfg  at  10®  cycles,  MN/m2(ksi) 

427 

(62) 

579 

(84) 

E86 

(85) 

Loading  frequency  3040  Hz 
with  R = -1  and  Kj  = 1 

No  of  S-N  Curvts  (No  of  Heats) 

1 

(1) 

1 

ID 

1 

(1) 

Ratio  Sftj/TUS  at  10®  cycles 

0.42 

0.43 

0.40 

Sftj  ui  107  cycles,  MN/m2(ksi) 

400 

(58) 

517 

(75) 

Loading  frequency  30  40  Hz 
with  R = -1  and  Kj  = 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 

(1) 

1 

(1) 

Ratio  Sfy/TUS  at  107  cycles 

0.39 

0.38 

Fatigue,  Flexural  Loading,  Surface  Finish  10  rms 

Sfy  at  10®  cycles,  MN/m2(ksi) 

593 

(86) 

768 

(110) 

869 

(126) 

Loading  frequency  30-40  Hz 
with  R *-1  and  K*  =1 

No  of  S-N  Curves  (No.  of  Heats) 

1 

m 

1 

n> 

1 

ID 

Ratio  Sfg/TUS  at  10®  cycles 

0.56 

0.55 

0.55 

Spj  at  10®  cycles,  MN/m2(ksi) 

496 

(72) 

703 

(102) 

779 

(113) 

Loading  frequency  30  40  Hz 
with  R = - 1 and  = 1 

No  of  S-N  Curves  (No  of  Heats) 

1 

(1) 

1 

(1) 

1 

(D 

Ratio  Sfg/TUS  at  10®  cycles 

0.47 

0.51 

0.50 

Sfj  at  107  cycles,  MN/m2(ksi) 

434 

(63) 

676 

(98) 

Loading  frequency  30-40  Hz 
with  R =-1  and  Kt  * 1 

No  of  S-N  Curves  (No.  of  Heats) 

1 

(1) 

1 

(1) 

Ratio  Sjg/TUS  at  107  cycles 

0.41 

0.49 

References:  83417 


1 


6 


' k 


8 2.1-5  (11/74) 


TABLE  8.2.1-ME5.1 

Sheet-Weld  Met el 

Alloy  Designation: 

A-286  Stainless  Steel  (Weld  Metal) 

K66286 

Specification: 

Form:  Sheet-TIG  welded,  A-286  filler 

Thickness,  cm  (in.>:  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Annealed  sheet  welded,  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


195  (-108) 


144  ( 200)  ! 77  (-320) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/.n2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

Avg  641  (93.0)  727.4(106.5)  801.2  (116.2)  981.8(142.4)  1068  (154.9) 

Min 

Avg  301  (43.7)  354  (51.4)  412  (59.8)  507  (73.6)  613  (88.9) 


No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats! 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  53548 


8, 2.1-5, 1 (11/76) 


TABLE  8.2.1-ME5.2 

Sheet-Weld  Metal 

Alloy  Designation: 

A-286  Stainless  Steel  (Weld  Metal) 

X 66286 

Specification: 

Form:  Sheet-TIG  welded,  A-286  filler 

Thickness,  cm  fin.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  Annealed  sheet  welded,  age  hardened,  and  tested  as  aged 


Testing  Temperature,  K (F) 

Tension,  Longitudinal 
TUS,  MN/m*  (ksi) 

Std  Deviation 

TYS,  MN/mZ  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 

195  (-108) 

144  (-200) 

1 77  (-320) 

1 20  (423) 

Avg  861.2  (124.9)  930.8(135.0)  1007  (146.0)  1145  (166.1)  1286  (186.5) 


Avg  601  (87.2)  610  (88.9)  669  (97.0)  743.9  (107.9)  866.0  (125.6) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2(106psi)  Avg 

Min 

Nc.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  « Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No,  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/mZ  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/mZ  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/mZ  (kt*)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  53548 


8.2.1 -5.2  (1 1/76) 


. 


TABLE  82.1-ME5.3 

Sheet-Weld  Metal 

Alloy  Designation: 

A-286  Stainless  Steel  (Weld  Metal) 

K 66286 

Specification: 

Form:  Sheet  TIG  welded,  A-286  filler 

Thickness,  cm  (in.):  0.100  to  0.319  {0.040  to  0.1251 

Condition:  Age  hardened  sheet  welded,  and  tested  as  welded 


Testing  Temperature.  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


915  (-108)  I 144  (-200)  I 77  (-320)  1 20  (423) 


Avg  685  (99.3)  780.5  (113.2)  877.7  (127.3)  948.0(137.5)  1069  (155.1) 


Avg  386  (56.0)  472  (68.4)  543  (78.8)  601  (87.2)  717.1  (104.0) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  53848 


8.2.1-5.3(11/76) 


TABLE  8.2.1  A1E5.4 


A-286 

Sheet-Weld  Metal 


Alloy  Designation:  A-286  Stainless  St— 1 (Weld  Metal) 

Specification. 

Fofm;  Sheet  TIG  welded,  Hastalloy  W filler 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 

Condition : ST  A sheet  welded  and  tested  as  welded 


Testing  Temperature.  K (F) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

St d Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  608  (88.2) 

Min  605  (87.8) 


77  (-320)  20  (-423) 


886.7  (128.6)  1005  (145.8) 
835.6(121.2)  1004  (145.6) 


RA,  percent  A 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10s  psi)  / 

N 

No.  of  Spec.  (No.  of  Heats! 


3 (1) 


Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 


Elong,  percent 


RA,  percent  A 

N 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  f 

K 

No.  of  Spec.  (No.  of  Heats) 


Poisson's  Ratio 


Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No.  of  Heats) 

References:  61996 


8.2.1-5.4(11/76) 


8.2.1  6 (11/74) 


A 286 
Bar 


TABLE  8.2.1  ME9 


I 


i 

S 

i 

I 

! 

f 


Alloy  Designation:  A 286  Stainless  Steel 


Specification: 

Fonr: 

Diameter: 

Condition: 


AMS- 5?  35 
Bar 

Up  to  2.54  cm  (1.000  in.) 

Annealed  1255  K (1800  F)  1.5  hr,  AC,  aged  992  to  1006  K (1325  to  1350  F)  16  hr,  AC 


Testing  Temperature,  K (F) 

297  (75) 

195  (-108) 

77  < 320) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

£c,GN/m2  (10®  Ksi)  Avg 

Mm 

No  ■'  Spec  (Nc  or  Heats! 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Mi  n 

No  of  Spec  (No.  of  Hoots) 

Ec,  GN/m2  ( 10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Shear 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Impact,  Charpy  V 

Long.,  J(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Trans.,  J(ft-lb)  Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

Fracture  Tough nessf®) 

K|C  MN/m3y,2(ksi/in.)  Avg 

Mm 

Orientation  - 

No  of  Spec  (No.  of  Heats) 

K|£,  MN/m^^fksi/ in.)  Avg 

(From  PTSC  spec.)!  — (Mm 
No  of  Spec.  (No  of  Heats) 

75.2  (55.5) 

74  6 (55.0) 

3 (1) 

77.3  (57.0) 

74  6 (55.0) 

3 (1) 

70.8  (52.2) 

70. b (52.0) 
3 (1) 

References:  54986 


(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K|c  data: 


8.2. 1-9  (11/74) 


TABLE  8.2.1  -ME9.1 


Alloy  Designation:  A-286  Stainless  Steel 


Specification: 

Form:  Bar 

Thickness,  cm  {in.):  Up  to  2.540  {1.000) 

Condition:  c*  Id  worked  40%  (min.)  and  aged 


Testing  Temperature,  K (F)  297  (75) 

1 | 

Tension,  Longitudinal 

TUS,  MN/m2  (k si)  v Avg  1382  (200.5) 

Min 

Std  Deviation 

TVS,  MN/m2  <ksi)  Avg  1288  (186.8) 

Min 

Std.  Deviation 

Elong,  percent  Avg  13.1 

Min 

RA,  percent  Avg  41.9 

Min 

No.  of  Spec.  (No.  of  Heats)  12  (4) 

E,  GN/m2  (106psi)  Avg  207  (30.0) 

Min 

No,  of  Spec.  (No.  of  Heats)  7 (2) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  2164  (313.8) 

Kt  * 10  Min 

No.  of  Spec.  (No.  of  Heats)  2 (1) 

NTS,  MN/m2  (ksi)  Avg 

K{  = Min 

No  of  Spec.  (No.  of  Heats) 

Tension,  T ransver*. 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


195  (-108)  1 144  (-200)  I 77  (-320)  1 20  (423) 


Avg  1382  (200.5)  1500  (217.5)  1570  (227.6)  1761  (255.9)  1938  (281.1), 

Min  | 

Avg  1288  (186.8)  1372  (199.0)  1420  (206.0)  1531  (222.1)  1681  (243.8) 


13.1 

16.0 

16.2 

19.5 

19.3 

41.9 

42.4 

42  0 

40.1 

33.9 

12 

(4) 

10  (3) 

11 

a) 

14 

(4) 

17 

(4) 

207 

(30.0) 

210  (30.4) 

213 

(30  9) 

226 

(32.8) 

224 

(32.5) 

7 

(2) 

i 5 (1) 

5 

(1) 

2 

(1) 

3 

(1) 

2266  (328.7)  2388  (346.3) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heatsl 

NTS,  MN/m2  (ksi) . Avg 

Kt  * ’ Mm 

No  of  Spec.  (No.  of  Heats) 

References:  80755 


8.2. 1-9.1  (11/76) 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


A-286  Stainless  Steel 


TABLE  8.21ME10 

K66286 


Square  Bar 
Over  5.080  (2.000) 

Solution  treated  1170  K (1650  F>  2 hr..  OQ  + aged  1005  K (1350  F)  16hr.,  AC 


297  (75) 


TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  607  (88) 

Min  57 2 (83) 


745  (108) 


889  (129) 


734(106.5)  887  (128.7) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  ‘ Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

References.  942066 


8.2.1  10  (11/75) 


Stress  Intensity  Factor  Range,  Ak,  MN/m 3/2 


FIGURE  8.2.TME3.  FATIGUE  CRACK  GROWTH  RATES  OF  A-286  ALLOY 
(ASTM  A453)  AT  4K  (-452F)<94208D) 


g; 


8.2.1  10.4  (11/75) 


Fatigue  Crack  Propagation  Rate,  da/dN  (mm/cycle) 


Stress  Intensity  Factor  Range,  AK,  ksi/in 
5 10  100  1000 


FIGURE  8.2.1-ME4.  FATIGUE  CRACK  GROWTH  RATES  FOR  A-2PG  AT  297K,  7/K, 
AND  4K  (75F,  -320F,  AND  -452F)<94208E> 


8.2.1-10.5  (11/75) 


Fatigue  Crack  Propagation  Rate, (inch/cycle) 


^7rM 


Alloy  Designation:  A-286  Stainless  Steel 


K66286 


8.2.1-15  (11/76) 


Kromarc  58 

TABLE  8.2.2  METO  Plate-Weld  Metal 

Alloy  Designation:  Kromarc  58  Stainless  Steel  (Weld  Metal) 

Specification: 

Form:  Plate-TiG  welded,  Kromarc  58  filler 

Thickne**,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate  heated  1255  K (1800  F)  1 hr,  WQ,  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  ! 

■eats) 

Poisson’s  Rat'., 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 10 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No,  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  cf  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Wcrk  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 

Mm 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,- 

Mm 

No  of  Spec.  (No  of  Heals! 


297  ( 75)* 
915.6  (132.8) 

498  (72.3) 

35.9 

60.8 

1 

1153  (167.3) 


References:  94208 

' Room- temperature  specimens  fractures  in  base  metal 

8.2.2  4.3  (11/76) 


77  (-320) 

1321  (191.6) 

852.2  (123.6) 

45.6 

41.4 

1 

1908  (276.8) 
1 


1438  (208.6) 

1060  (153.8) 

33.4 

40.6 


2173  (315.2) 
1 


f 


Ik 


TABLE  8.2.2-ME11 


Kromarc  58 
Plate-Weld  Metal 


Alloy  Designation:  Kromarc  58  Stainless  Steel  (Weld  Metal) 


Specification: 

Form:  Plate  TIG  welded,  Kromarc  58  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate-cold  worked  30%,  welded,  and  tested  as  welded 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 


297  (75) 


Avg  957.0  (138.8) 

Mm 


Avg  828.1  (120.1) 

Min 


1303  (189.0) 


1111  (161.2) 


4 (-452) 


1415  (205.3) 


1269  (184.1) 


Elong,  percent 


RA,  percent 


No.  of  Spec.  (No.  of  Heats)  1 

E,  GN/m2  (10^  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1108  (160.7) 

K(  = 10  Mm 

No.  of  Spec.  INo  of  Heats)  1 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No,  of  Spec.  (No.  of  Heats) 

Tension,  T ransverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS.  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


1919  (278.3) 


2149  (311.7) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec  (No  of  Heats) 

N ,'S,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No  of  Spec  (No  of  Heats) 


References:  94208 


8.2.24.4(11/76) 


■ 


Kromarc  58 

TABLE  8.2.2 -ME12 

Plate-Weld  Metal 

Alloy  Designation: 

Kromarc  58  Stainless  Steel  (Weld  Metal) 

Specification : 

Form:  Plate-TIG  welded,  Kromarc  58  filler 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.000) 

Condition:  Plate-cold  worked  30%,  welded,  end  tested  as  welded 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 


Avg  1223  (177.4) 

Mm 


Avg  1138  (165.0) 

Mm 


1474  (213.8) 


1260  (182.8) 


4 (-452) 


1571  (227.9) 
1389  (201.4) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  , 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1547  (224.4) 

Kt  - 10  Min 

No.  of  Spec.  (No.  of  Heats)  1 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No.  of  Spec  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec,  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec  (No  of  Heats) 

References:  94208 


2216  (321.4) 


2366  (343.2) 
1 


8 2.24,5(11/76) 


Kromarc  58 
Sheet 


Temperature,  F 


Kromark  58  sheet, O.IOOto  0.319  cm 
Annealed  H57Ko  JUS  • tys 
Annealed  I340K  OTUS  ■ TYS  (L) 


Kromark  58  sheet,  0,100  to  0.3)9  cm 
Annealed  I I57K  , CR  60%  — 

o TUS  • TYS  (L) 

Annealed  I340K.CR60  % 

SST  □ TUS  ■ TYS  (L) 
w Annealed  I340K,CR80% 

*-’V5  -4 


Testing  Temperature,  K 

FIGURE  8.2.2-ME  1 . 

EFFECT  OF  TEMPERATURE  ON  THE  STRENGTH  OF 
KROMARC  58  STAINLESS  STEEL  SHEET 

JU  ^ 

8 2.2-5  (11/76) 

Kromarc  58 


Alloy  Designation:  Kromarc  58  Stainless  Steel 


pacification: 

Form : 

Dimension: 

Condition:  Solution  Treated  and  Quenched 


Testing  Temperature  K (F) 


Thermal  Conductivit 


Watts  m"1  K"1 
Btu  hr"1  ft'1  F"1 

No.  o?  Spec. 

References:  94206 

Thermal  Expansion  (T273  to  T) 
Longitudinal 


Percent 

No  of  Spec. 

References:  47125,90202 


Joules  kg"1  K"1 
Btu  lb"1  F"1 

No  o<  Spec. 

References:  90202,  94206 


TABLE  8.2.2-TR1 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"1 

No  of  Spec. 

References:  94206 


96  x 10  8 


84  x 10  8 


82  x 10 8 


8.2.2  6.1  (11/75) 


Magnetic  Moment,  M (emu)  ^ Magnetic  Moment,  M (emu) 


TABLE  8.2.2-MA1 


Kromarc  58 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm(in.): 
Condition: 


Kromarc  58  Stainless  Steel 


Rod 

Not  given 

STQ:  solution  treated  and  quenched  (1800  F (1255  K] 
1 hr.  and  water  quenched) 


IGURE  8.2.2-MA1 . 1 . MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  THE  EXTERNAL  FIELD 


1 1 1 r 


0 13  26  39  52  65 

Applied  Magnetic  Field,  H (k  Oe)* 


FIGURE  8.2.2-MA1.3.  MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  THE  EXTERNAL  FIELD 

* 1 tesla  = lOkOe 
Reference  94206 


FIGURE  8.2.2-MA1.2.  MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  THE  EXTERNAL  FIELD 


FIGURE  8.2.2-MA1.4.  MAGNETIC  MOMENT  AT  13  k Oe 
AS  A FUNCTION  OF  THE  TEMPERATURE 


8.2.2-10  (11/76) 


TABLE  8.2.2-MA2 


Kromarc  58 
Rod 


\ > 


Alloy  Designation: 
Form: 

Dimension,  cm  (in.): 
Condition: 


Kromarc  58  Stainless  Steel 
Rod 

Not  given 

CW:  cold  worked  to  about  30  percent  reduction  in  thickness 


I 

— 1 — 1 1 — I — I — 1 — 1 — 1 — 

— i — 

3 

£ 

1.6 

-Somple  Kromcrk  58  . 

oj 

1.4 

_ (30  % C.W.)  ^ 

5 

T * 4.0  °K  y/f 

1.2 

~m  = O.I979g 

c 

<b 

1.0 

s / 

- 

E 

o 

0.8 

// 

_ 

5 

o 

0.6 

X / 

- 

QJ 

0.4 

- / / 

- 

C 

O' 

D 

0.2 

- 

5 

0 

i i l 1 I i i 

0 13  26  39  52  65 

Applied  Magnetic  Field,  H Ik  0e)* 


FIGURE  8.2.2-MA2.1.  MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  THE  EXTERNAL  FIELD 


FIGURE  8.2.2-MA2.2.  MAGNETIC  MOMENT  AS  A 
FUNCTION  OF  THE  EXTERNAL  FIELD 


FIGURE  8.2.2-MA2.3.  MAGNETIC  MOMENT  AT  13  k Oe 
AS  A FUNCTION  OF  THE  TEMPERATURE 


* I tesla  = lOkOe 
Reference  94206 


8.2.2-11  (11/76) 


TABLE  8.2.2-MA3 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm  (in.): 
Condition: 


Kromarc  58  Stainless  Steel 
Kromarc  58  GTAW 
Rod 

0.305  (0.12) 

Gas  tungsten  arc  welded  (GTAW) 


IbD'  + C t*0gr«'K- 


MAGNETIC  MOMENT  AS  A FUNCTION  OF  THE  EXTERNAL  FIELD  [94206] 
,<  8.2.2-12(11/76) 


TABLE  8.2.2-MA4 


Kromarc  58 
Rod 


» 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm  (in.): 
Condition: 


Kromarc  58  Stainless  Steel 

58  GTAW/CW 

Rod 

0.305  (0.12) 

GTAW/CW:  Gas  tungsten  arc  welded  and  cold  worked  to 
about  30%  reduction  in  thickness 


MAGNETIC  MOMENT  AS  A FUNCTION  OF  THE  EXTERNAL  FIELD  (94206] 

8.2.2-13(11/76)  jc 


TABLE  8.2.2-MA5 


Alloy  Designation:  Kromarc  58  Stainless  Steel 

Specification:  Kromarc  58  CW/GTAW 


Form:  Rod 

Dimension,  cm  (in.):  0.305  (0.12) 

Condition:  CW/GTA’V:  Cold  worked  to  about  30%  reduction  in  thickness 

and  gas  ;ung$ten  arc  welded 


Neel  Temperature:  ~40  K (-387  F) 


L i L J -L 


“•'*  «»  Mog'#'  C * * 0 - • t 


MAGNETIC  MOMENT  AS  A FUNCTION  OF  THE  EXTERNAL  FIELD  [94206] 


(T/V 


8.2.2-14  (11/76) 


TABLE  8JJ4NE0.1 

Alloy  Designation: 

Armoo  21-5-9  Stainless  Steal 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  2.541  to  5.080  (1.000  to  2.000) 

Condition:  Annealed  1283  K (1850  F)  154  hr.  AC;  annealed  1366  K (2000  F)  154  hr.  WQ 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Avg 

701 

(102) 

Std  Deviation 

Mm 

696 

(101) 

TYS,  MN/m2  (ksi) 

Avg 

358 

(51.2) 

Std  Deviation 

Mm 

350 

(50.8) 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


77  (-320) 


1474  (213.8) 
1462  (212.1) 


899  (130) 
886  (129) 


37 

32 

2 (1) 


1634  (237.0) 
1633  (236.9) 


1241  (180.0) 
1224  (177.5) 


40 

2 (1) 


RA,  percent  Avg 

Mm 

No  of  Spec  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

* Min 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  95168 


8.2.30.1  (11/76) 


6?  :< 


21 S 9 

TABLE  8.2.3ME1  Plat# 


Alloy  Designation: Armco  21-6-9  Stainlesa  Steal 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  Over  5.080  (2.000) 

Condition:  Annealed  1340  K (1950  F)  1 hr.,  WQ 


Testing  Temperature,  K (F)  | 

297  (75) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

702  (101.8) 

Mm 

688  (99.8) 

Std.  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

385  (55.9) 

Min 

374  (54.2) 

Std  Deviation 

Elong,  percent 

Avg 

54.5 

Mm 

54.0 

RA,  percent 

Avg 

79.6 

Mm 

78.4 

No  of  Spec.  (No.  o»  Heats) 

4 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

l\TS,  MN/m2  (ksi) 

Avg 

*t“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg  | 

K,  - 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

704  (102.1) 

Mm 

698  (101.2) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

392  (56.9) 

Mm 

374  (54.2) 

Std.  Deviation 

Elong,  percent 

Avg 

51.0 

Min 

47.0 

RA,  percent 

Avg 

71.8 

Min  | 

65.0 

No.  of  Spec.  (No.  of  Heats)  1 

4 (1) 

E,  GN/m2  (10®  psi) 

Avg  ! 

Min  . 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg  1 

*t" 

Min  I 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

No  of  Spec.  (No.  cf  Heats) 


195  M08) 

77  (-320) 

20  1-423) 

899  (130.4) 

1510  (219.0) 

1662  (241.0) 

889  1129.0) 

1503  ( 218.0) 

1579  (229.0) 

589  (85.4) 

971  (140.9) 

1219  (176.8) 

565  (82.0) 

899  (130.4) 

1108  (160.7) 

60.0 

41.0 

16.0* 

60.0 

37.0 

— 

74.8 

32.8 

46.0 

73.5 

32.0 

22.0 

2 (1) 

2 (1) 

2 (1) 

917  (133.0)  ! 

1 

1444  (209.5) 

i 

1682  (244.0) 

907  (131.5) 

1400  (203.0) 

1675  (243.0) 

581  (84.3) 

962  (139.5) 

1248  (181.0) 

502  (81.5) 

889  (129.0) 

1148  (166.5) 

58.0 

34.0* 

16.0 

57.0 

15.0 

70.3 

27.8 

24.3 

69.5 

24.0 

20.5 

2 (1) 

2 (1) 

2 (1) 

References:  S3 166 
• One  specimen  only 
0 24 r 


8.2.3  1 (11/75) 


Altov  Designation 


TABLE  8.2.3  ME2 
Armco  21-6-9  Stiinless  Steel 


Specification; 

Form: 

Plate 

Thickness,  cm  (in.): 

Over  5.080  (2.000) 

Condition: 

Annealed  1340  K (1950  F)  1 hr..  WQ 

Tatting  Temperature,  K (I 


CVS.  MN/m2  (kti)  / 

It 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  < 10®  psi)  / 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 


CYS,  MN/m2  (ksi)  J 

\ 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  p*i)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Shear<»> 

SUS,  MN/m2  (kti)  / 

K 

No.  of  Spec.  (No.  of  Heats) 

G,  GN/m2  (10®  psi)  / 

K 

No.  of  Spec.  (No.  of  Heats) 


297(75)  195  MOB)  77(  320) 


Long.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft-lb) 

No.  of  Spec.  (No.  of  Heats) 


Avg  325*  (240+) 

Min  325+  (240+) 

2 (1) 

Avg  278  (205.3) 

Min  260  (192.0) 

i 2 (1) 


289  (213) 
286  (211) 
2 (1/ 

198  (146) 
198  (146) 
2 (1) 


Fracture  Toughness^ 

K|c  MN/m3/2(ksi/  in.)  Avg 

Min 

Orientation.  - 
No.  of  Spec.  (No.  of  Heats) 

K|g,  MN/m^^fksi/in.)  Avg 

(From  PTSC  spec.H  - )Min 
No.  of  Spec.  (No.  of  Heats) 

References:  83166 

(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  Indicate  specimen  design  for  K|c  date: 


129  (95) 
122  (90) 

2 (1) 

78  (57-5) 
68  (50) 

2 (1) 


8.2.3  2 (11/75) 


Notched  — 1 — 

Unnotched  — 

o 

293 °K  (70  F) 

• 

293*K  (70  F ) 

A 

77°  K (-320  F) 

X 

77°K(-320  F) 

a 

4°K(-425F) 

■ 

4 °K  (-425  F) 

Fatigue  Cycles 


FIGURE  8.2.3-ME1.  AXIAL  FATIGUE-LIFE  CURVES  FOR  1.270  cm  (0.500  in.)  DIAMETER 
NOTCHED  AND  UNNOTCHED  BAR  SPECIMENS  OF  ANNEALEO 
21-6-9  STAtNLESS  STEEL  (95168] 

b 7.  * < 


82.3-2.1  (11/76) 


Stress  MN/m 


i 


Alloy  Designation 


TABLE  8.2.4  TR1 


Fe-22Cr  13Ni  6Mn 


Specification: 

Form: 

Dimension; 

Condition: 


Furnace  brazed 


Testing  Temperature  K (F) 


■280)  50 


(370)  20 


(-423)  10 


Thermal  Conductivity 

Watts  m'1  K-f 
Btu  hr1  ft*'  F1 
No  of  Spec. 

References:  90196 

Tharmal  Expansion  (T373  to  T) 
Longitudinal 

Percent 

No  of  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K_1 
Btu  lb"1  F1 

No.  of  Spec. 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"1 
No  of  Spec. 

References:  90196 


80.0  x 10-8 

(481) 

1 


65.8  x 10  8 

(396) 

1 


62.4  x 10-8 

(375) 

1 


62.1  x 10  8 

(374) 

1 


62.1  x 10-8 

(374) 

1 


» W.  “T' 


8.2.4  3(11/76) 


Thermal  Conductivity , Btu  hr"1  ft" 


INDEX  TO  MATERIAL  CODES  TOR 
SECTION  9.0 


TITANIUM  AND  TITANIUM  ALLOYS 
MATERIALS 


Ti-65A 

Ti-75A 

Ti-5AI-2.5Sn  (NORMAL  INTERSTITIAL  CONTENT) 
Ti-5AI-2.5Sn  (ELI) 

TI-6AI-4V  (ELI) 

Ti-6AI-4V  (NORMAL  INTERSTITIAL  CONTENT) 


U 


MATERIAL  CODE 


v ■ I • I 

9.1.2 

9.2.1 

9.2.2 

9.3.1 

9.3.2 


Ti  5At-2.5Sn 
Sheet 


TABLE  9.2.1  ME1 


Alloy  Designation:  Ti  5A)-2.5Sn  (Normal  Interstitial  Content) 

Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  Annealed 


Testing  Temperature.  K (F) 

297 

(75) 

195 

(108) 

77 

(-320) 

20 

(-423) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

844 

(122) 

1037 

(150 

1347 

(195) 

1686 

(245) 

Min 

745 

(108) 

993 

(144) 

1234 

(179) 

1517 

(220) 

Std  Deviation 

62.8 

(9  11) 

55.2 

(8.00) 

78.6 

(11  4) 

88  9 

(1291 

TVS.  MN/m2  (ksi) 

Avg 

785 

(114) 

957 

(139) 

1275 

(185) 

1576 

(228) 

Mm 

703 

(102) 

889 

(129) 

1186 

(1721 

1427 

(207) 

Std  Deviation 

49  8 

(7.23) 

502 

(7  28) 

52  1 

(7  50) 

87.6 

(127) 

Elong,  percent 

Avg 

15.2 

13.6 

13.6 

6.3 

Min 

12 

2.5 

11 

3 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

21 

(9) 

8 

12) 

12 

(3) 

23 

(9) 

E,  GN/m2  (106  psi) 

Avg 

106 

(15.4) 

114 

(16.6) 

122 

(17.7) 

127 

(18.5) 

Mm 

93 

(135) 

109 

(158) 

117 

(17.0) 

116 

(16.9) 

No  of  Spec.  (No.  of  Heats) 

10 

(2) 

5 

(1) 

9 

(2) 

8 

(2) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1121 

(163) 

1233 

(179) 

1544 

(238) 

1480 

(215) 

K»  = 6.3 

Min 

1014 

(147) 

1131 

(164) 

1600 

(232) 

1338 

(194) 

No.  of  Spec.  (No.  of  Heats) 

12 

(7) 

6 

(2) 

6 

12) 

13 

(7) 

NTS,  MN/m2  (ksi) 

Avg 

947 

(137) 

976 

(142) 

956 

(139) 

831 

(120) 

Kt  = 19+ 

Min 

848 

(123) 

869 

(126) 

862 

(125) 

758 

(110) 

No  cf  Spec.  (No.  of  Heats) 

7 

(2) 

5 

U) 

5 

(1) 

8 

(2) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

872 

(126) 

1016 

(147) 

1398 

(203) 

1695 

(246) 

Min 

807 

1117) 

979 

(142) 

1344 

(195) 

1579 

(229) 

Std  Deviation 

40.8 

(5.92) 

43  4 

(6.29) 

55.9 

(8  11) 

63.3 

(9  18! 

TYS,  MN/m2  (ksi) 

Avg 

819 

(119) 

966 

(140) 

1317 

(191) 

1589 

(230) 

Mm 

765 

(111) 

938 

(136) 

1262 

(183) 

1510 

(219) 

Std  Deviation 

33.6 

(4  87) 

33  4 

(4  84) 

49.6 

(7  19) 

40  7 

(590) 

Elong,  percent 

Avg 

14.3 

11.7 

10.0 

4.7 

Mm 

11 

7.5 

9 

1 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

12 

(7) 

7 

(2) 

7 

(2) 

12 

(6! 

E,  GN/m2  (106  psi) 

Avg 

104 

(15.1) 

122 

(17.7) 

126 

(18.3) 

134 

(19.4) 

Mm 

101 

(14  7) 

112 

(16.2) 

118 

(17.2) 

128 

(185) 

No  of  Spec  (No  of  Heats) 

5 

(D 

5 

(1) 

5 

(1) 

5 

(1) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/rn2  (ksi) 

Avg 

1144 

(166) 

1248 

(181) 

1626 

(236) 

1448 

(210) 

K.  = 6.3 

Mm 

1041 

(151) 

1200 

(174) 

1606 

(233) 

1255 

(182) 

No  of  Spec  (No.  of  Heats) 

11 

(6) 

7 

(2) 

8 

(2) 

12 

(5) 

NTS,  MN/m2  (ksi) 

Avg 

952 

(138) 

1138 

(165) 

872 

(126) 

767 

(111) 

Kt  » 19+ 

Mm 

876 

1127) 

945 

(137) 

827 

(120) 

683 

(99) 

No  of  Spec.  (No.  of  Heats) 

7 

(2) 

5 

(1) 

5 

(1) 

8 

(2) 

References:  4012ft,  48652,  50498,  59159,  70906 

9.2. 1-1  (11/74) 


i 


¥ 


Ti-5AI2.5Sn 

TABLE  9.2. 1-ME1.1 

Sheet 

AJIoy  Designation: 

Ti-5AI-2.5Sn  (Nominal  Interstitial  Contant) 

Specification : 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

20%  cold  rolled 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  827  (120) 

Mm 


Avg  710  (103) 

Min 


20  (-423) 


1634  (737) 
1365  (198) 


RA,  percent  Avg 

Min 

No  of  Spec.  (No,  of  Heats)  1 (1) 

E,  GN/m2  (16^  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1014  (147) 

Kj  ” 6.3  Min 

No.  of  Spec.  (No.  of  Heats)  1 0) 

NTS,  MN/m2  (ksi)  Avg 

K(  “ Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Avg  827  (120) 

Min 


Avg  674  (97.8) 

Min 


1 (D 


1634  (237) 

1 (D 


1600  (232) 


1393  (202) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  •'No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ri»;o 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  m 6.3  Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90171 


Avg  1082  (157) 

Min 


1 (1) 


1820  (264) 
1 (D 


9. 2. 1-1.1  (11/76) 


TABLE  9.2.1-ME1.2 


Ti  5AI-2.5Sn 
Sheet 


O 


Alloy  Designation: 


Ti-5AI-2.5Sn  {Nominal  interstitial  Content) 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 

Condition:  40%  cold  rolled 


: 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

889 

(127) 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

745 

(108) 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

7 

Mm 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

1 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

924 

(134) 

Kt  = 6.3 

Mm 

No.  of  Spec.  (No.  of  Heats) 

1 

(1) 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats! 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

889 

(129) 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Elong,  percent 

Avg 

8 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

1 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1117 

(162) 

K.  - 6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

1 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No.  of  Spec.  (No.  of  Heats) 

References:  90171 

1641  (238) 


1427  (207) 


1 (D 


1131  (164) 

1 (1) 


1627  (236) 


1 (1) 


1717  (249) 
1 (1) 


9.2.1-1.2(11/76) 


Testing  Temperature.  K (F) 


297  (75) 


Tension.  Longitudinal 


TUS,  MN/m2  jk*i) 

Avg 

Min 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No  cf  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  p$i| 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

K«  = 6.3 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt* 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

EJong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt  - 6.3 

Mm 

No.  of  Spec  (No.  of  Heats) 


876 


738 


6 


1 


814 

1 


869 


738 


8 


1 


1096 

1 


(127) 


(107) 


(1) 


(118) 

(t) 


(126) 


(107) 


(1) 


(159) 

(1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec,  (No.  of  Heats) 


Reference*:  90171 


« • < 


1679 


1400 


1 


986 

1 


1613 


"462 


1 


1538 

1 


(229) 

(203) 

1 

(1) 

(143) 

(1) 

(234) 

(212) 

9 

(1) 

(223) 

(1) 


9 7 1-1.3(11/76) 


TABLE  9.2.1  ME1.4 

Ti-5A(2.5Sn 
Shoet-Wekf  Metal 

Alloy  Designation: 

Ti-5AI-2.5Sn  (Weld  Metal) 

Specification: 

Form: 

Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

Annealed 

Tasting  Temperature,  K f 


Tension,  Longitudinal 
TUS,  MN/m2  {ksi) 

Std.  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


297  (75) 


Avg  816  (118.4)  1004  (143.6) 

Mm  765  (111.0)  1000  (143.0) 

33.8  (4.91) 


320)  I 20 


1320  (191.4)  1657.6(240.4) 

1241  (180.0)  1482.4(215.0) 

66  (9.57)  139  (20.17) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  ('06  pji)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

.\rS,  MN/m2  (ksi)  Avg 

K,  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 


Tension.  Transverse 
TUS.  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi' 
Std.  Deviation 

Eking,  percent 


15  (3) 


Avg  818  (118.6)  978  (141.8) 

Min  779  (113.0)  965  (140.0) 

18.75  (2.72) 


1292  (187.4)  1573  (228.2) 

1186  (172.0)  1331  (193.0) 

83.1  (12.05)  143  (20.75) 


RA,  percent  A/g 

Mm 

No.  of  Spec.  (No.  of  Heats)  10  (1) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  40128,  48662,  69159 


10  (1) 


10  (1) 


tib  • 


9.2.1-1.4  (11/76) 


Specification: 

Form:  Sheet 

Thickness.  cm  (in.):  0.100  to  0.319  <0.040  to  0.125) 
Condition:  Annealed 


Tatting  Temperature,  K <F) 

297 

(75) 

196 

(•108) 

144 

(-200) 

77 

(•320) 

20 

(-423) 

4 

(-452) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

858 

(124.4 

1118 

1162) 

1186 

(172) 

1400 

(203) 

1708  (247.8) 

1620 

(235) 

Min 

793 

(115) 

1055 

(153, 

1276 

(185) 

1586 

(230) 

Std  Deviation 

56.3 

106 

(15.4) 

95.5 

(13.85) 

TYS,  MN/m2  (ksi) 

Avg 

804 

(116.6) 

1074 

(156) 

1166 

(169) 

1327 

(192) 

(23.54) 

Min 

710 

(103) 

1007 

1146) 

1186 

(172) 

1468 

(213) 

Std.  Deviation 

68.7 

(9.96) 

126 

(18.3) 

(15.36) 

Elong,  percent 

Avg 

16.28 

11.7 

9.3 

13.6 

7.82 

1.3 

Min 

10.80 

7.3 

4.6 

2.00 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

25 

(7) 

7 

(3) 

3 

(1) 

21 

(8) 

31 

(7) 

3 

(1) 

E,  GN/m2  (10®  pti) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1138 

(165) 

1386 

(201) 

1622 

(235) 

1382 

(200) 

Kt  - 63 

Min 

1076 

(156) 

1379 

(200) 

1586 

(230) 

1110 

(161) 

No.  of  Spec.  (No.  of  Heats) 

15 

(6) 

2 

(1) 

15 

(6) 

21 

( ) 

NTS,  MN/m2  (ksi) 

Avg 

1110 

(161) 

1193 

(173) 

1303 

(189) 

1186 

(172) 

1062 

(154) 

1007 

(146) 

K,  -10 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 

(D 

3 

(1) 

3 

(1) 

3 

(1) 

3 

(1) 

3 

(1) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

924 

(134) 

10P9 

(158) 

1207 

(175) 

1469 

(213) 

1638 

(238) 

1593 

(231) 

Min 

1600 

(232) 

Std.  Deviation 

TYS,  MN/r.'2  ;ksi) 

Avg 

903 

(131) 

1069 

(155) 

1200 

(174) 

1434 

(208) 

1635 

(237) 

Min 

Std.  Deviation 

Efor'n,  percent 

Avg 

14.3 

11.5 

10.7 

13.2 

6.3 

1.5 

Min 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

(1) 

3 

(1) 

3 

(1) 

4 

(2) 

3 

(U 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1206 

(175) 

1131 

(164) 

Kt  - 6.3 

Min 

No.  of  Spec.  (No.  of  Heats) 

(1) 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No,  of  Heats) 

Reference*:  29830,33262,40128,45136,46366,50490,58060,50159,90084 


J 


Ti-5AI-2.5Sn 

TABLE  9.2.1  ME2.1 

Sheet 

Altov  Designation: 

Ti-5AI-2.5Sn  (Nominal  Intarstitial  Content) 

Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  tc  0.125) 

Condition: 

20%  cold  rolled 

Testing  Temperature.  K IF) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksit 

Std  Deviation 

TYS,  MN/m2  (kti) 

Sid.  Deviation 

Elong,  percent 


Avg  1000  (145) 

Mm 


Avg  862  (125) 

Min 


1889  (274) 


1682  (244) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  1 (1) 

£.  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1303  (169) 

Kt  = 6,3  Mm 

No  of  Spec.  (No.  of  Heats)  1 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Min 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksj)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Etong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

* Mm 

No.  of  Spec.  (No.  of  Heats) 

References:  90171 


1 (1) 


1586  (230) 
1 (D 


9.2.1  2.1  (11/76) 


Alloy  Designation: 

TABLE  9.2.1-ME2.2 

Ti-5AI-2.5Sn  (Nominal  Interstitial  Content)  (Weld  Metal) 

Ti-5Al-2.5Sn 
Sheet-Weld  Metal 

Specification: 

Form: 

Sheet-TIG  welded,  no  filler 

Thickness,  cm  (in.); 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Sid  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Ek>ng,  percent 


297  (75) 


Avg  834  (121)  976  (141.5) 

Mm  827  (120)  972  (141.0) 


77  (-320)  1 20  (423) 


1326  (192.3)  1644  (238.4) 

1310  (190.0)  1551  (225.0) 


RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MWm2  l ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Hea's) 

NTS,  MN/m2  (ksi)  Avg 

K(  = Min 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * Mm 

No.  of  Spec  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  40128, 59159 

fif*'  7 < 


9.2. 1-2.2  (11776) 


TABLE  9.2.1 -ME3 


Alloy  Designation : Ti-5AI-2.5Sn  {Normal  Intaatitial  Content) 


Specification: 

Form: 

Die  mater: 
Condition: 


Bar 

Up  to  2.54  cm  (1.000  in.) 
Annealed 


Testing  Temperature,  K (F) 


| 297  (75) 

195 

(-108) 

77 

(-320) 

20 

(423) 

17 

(430)  | 

(-452) 


Tension,  Longitudinal 
TUS,  MN/m2  Usi) 

Std.  Deviation 


Avg  910  (132) 

Mm  862  (125) 


1088  (158) 

1062  (154) 


1410  (204.5) 
1344  (195) 


1774  (257) 

1731  (251) 


1551  (225)  1475  (214) 

1469  (213)  1475  (214) 


TYS,  MN/m2  (ksi) 

Std  Deviation 


Avg  862 

Mm  827 


(125) 

(120) 


1032  (150) 

1020  (148) 


1293  (187.5) 
1096  (159) 


1721  (250) 

1668  (242) 


1413  (205) 
1379  (200) 


1413  (205) 
1413  (205) 


Etong,  percent 


Avg  16.8 

Min  12 


13.2  12.0 

12  10 


8.7 

3 


13.7 

12.0 


RA,  percent  Avg 

Mtn 

No.  of  Spec.  (No.  of  Heats) 


6 


35.8 

25 

(3) 


33 

27 

4 (2) 


28.2 

22 

6 (3) 


15 

17 

3 (2) 


30 

21 

4 (1)  2 


(1) 


E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 


119  (17.3) 

119  (17.3) 

2 (1) 


126  (18.3) 

126  (18.3) 

2 (1) 


129  (18.7) 

129  (18.7) 

2 (1) 


Poisson’s  Ratio 


0.289 


0.287 


0.287 


Work  Hardening  Coef 


NTS,  MN/m2  (ksi) 

Avg 

«t- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

Etong,  percent 

Avg 

Min 

A.*  percent 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/nf2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No.  of  Spec.  (No.  of  Heats) 


References:  78652,89543 


9.2.1  3 (11/76) 


TABLE  9.2.1 -ME4 

Alloy  Designation:  Ti-5AI-2.5Sn  (Normal  Interstitial  Content 


Specification: 

Form: 

Bar 

Diameter: 

Up  to  2.540  cm  (1.000  in.) 

Condition: 

Annealed 

Testing  Temperature,  K (FJ  (297  (75)  I 

Compression,  Longitudinal 

CYS,  MN/ro2  (ksi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec.  GN/m2  (106  psi)  t 

N 

No.  of  Spec  (No.  of  Heats) 

Compression.  Transverse 

CYS,  MN/m2  (ksi)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN/m2  (10®  psi)  t 

N 

No.  of  Spec.  (No.  of  Heats) 

Shear<a) 

SUS,  MN/m2  (ksi)  / 

N 

No.  of  Spec.  (No.  of  heats) 

G,  GN/m2  (106  psi)  / 

No.  of  Spec.  (No.  of  Heats) 


Avg  23.9 

I1*.6) 

19.4 

(14.3)  15.2 

(11.2) 

Mm  23.7 

(17.5) 

18.3 

(135)  14.2 

(105) 

> 3 

(!) 

3 

(1)  3 

(1) 

Avg 

Min 

Long..  J(ft-Jb)  Avg  23.9  (1T6)  19.4  (14.3) 

Mm  23.7  (17.5)  18  3 (13  5) 

No.  of  Spec.  (No.  of  Heats!  3 (1)  3 (1) 

Trans.,  Jfftlb)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^) 

K|c  MN/m3/2(ksi/  in.)  Avg 

Min 

Orientation 

No.  of  Spec.  (No.  of  Heats) 

K|g,  MN/m3/2(ksi/in.)  Avg 

(From  PTSC  spec.X  )Min 

No.  of  Spec.  (No.  of  Heats) 

References:  54986 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens: 

(b)  Indicate  specimen  design  for  K(c  data: 


9.2.1  4 (11/74) 


FIGURE  9.2.1-ME8.  AXIAL  FATIGUE  LIFE  CURVES  FOR  UNNOTCHED  5AI-2.5Sn  (ANNEALED)  TITANIUM  ALLOY  [58024) 


T*-6AI-2.5Sn 


Alloy  Designation:  Ti-5At-2.8$n  Alloy 


TABLE  9.2.1 -TR1 


Specification: 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  nr1  K1 
Btu  hr'1  fr1  F1 
No.  of  Spec. 
References:  96886 


370)  20  (-423)  10  (-442) 


0.996 

(1.13)  (0.676) 

1 


Thermal  Expansion  (T773  to  V 
Longitudinal 

Percent 
No.  of  Spec. 

References: 

94206 

Specific  Heat 

Joules  kg'1  K*1 
Btu  lb'1  F-1 

No.  of  Spec. 

References: 


Electrical  Resisttvit 


^Him  m 

Onm  circular  mil  ft'1 
No.  of  Spec. 

References:  96885 


161  a 10-S 
(968) 


137  x 10-* 

(824) 

2 


136  x 1C*8 

(818) 

2 


136  x 10-® 

(818) 

2 


(if)  < 


0.2.1-13(11/76) 


Temperature, 


9.2.1-14  (11/76) 


FIGURE  9.2.1-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  Ti-5AI-2.5Sn  ALLOY 


mil  ft 


i »-l*  I. 


Ti-5AI-2.5Sn  (ELI) 
Sheet 


TABLE  9.2.2ME1 

Altoy  Designation:  Ti  5A!-2.5Sn  (ELI) 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  Up  to  0.099  (0.039) 
Conditk»  •:  Annealed 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi)  Avg  779  (113) 

Min  654  (94  9) 

Std  Deviation  55.8  18  10) 

TYS,  MN/m2  (ksi)  Avg  | 721  (105) 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1031  (150)  1156  (168) 

Kt  = 6.3  Min  869  (126)  1096  059! 

No.  of  Spec  (No  of  Heats)  26  (11)  3 (3) 

NTS,  MN/m2  (ksi)  Avg  820  (119) 

Kt  = 19  Min 

No.  of  Spec.  (No.  of  Heats)  1 (1) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg  799  (116)  926  <134) 

Min  654  (94.9  ) 896  (130) 

Std  Deviation  60  4 (8  76) 

TYS,  MN/m2  (ksi)  Avg  749  (109)  857  (124) 

Mm  637  (92.4)  827  (120) 

Std.  Deviation  64.3  (9  33) 

Elong,  percent  Avg  15.3  14.7 

Mm  13.5  12 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats)  18  (10)  3 (3) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Wotk  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg  1090  (158)  1220  (177) 

Kt«6.3  Mio  876  (127)  1179  (171) 

No.  of  Spec.  (No.  of  Heats)  11  (7)  3 (3) 

UTS,  MN/m2  (ksi)  Avg  810  (118) 

K,»19  Mm  807  (117) 

No  of  Spec.  (No.  of  Heats)  2 (1) 

References:  45136,  48652,  50498,  53354,  59159,  66103,  66886.  68968,  69759 

9.2. 2-1  (11/74) 


297 

(75)  1 

195 

(108) 

(-320) 

779 

(113) 

933 

(135) 

1276 

(185) 

654 

(94.9) 

889 

(129) 

1227 

(178) 

55.8 

18  10) 

31  8 

(4  621 

721 

(105) 

855 

(124) 

1186 

(172) 

652 

(94.6) 

807 

(117) 

1117 

(162) 

536 

(7  78) 

30.1 

(4.37) 

16.6 

14.3 

15.8 

12 

11 

10 

41 

(16) 

3 

(3) 

21 

(7) 

111 

(16.1) 

127 

(18.51 

108 

(15.7) 

123 

(178) 

7 

(2) 

10 

(2) 

0.416 

0.364 

1031 

(150) 

1156 

(168) 

1549 

(225) 

869 

(126) 

1096 

(159?  . 

144) 

(209) 

26 

(11) 

3 

(3) 

7 

<5) 

820 

1 

(119) 

(1) 

799 

(116) 

926 

(134) 

1288 

(187) 

654 

(94.9) 

896 

(130) 

1220 

(177) 

604 

<8 76) 

37.5 

15.44) 

749 

(109) 

857 

(124) 

1226 

(178) 

637 

(92.4) 

827 

(120) 

1138 

(165) 

64.3 

(9  33) 

46.8 

(6  79) 

15.3 

14.7 

16.8 

13.5 

12 

16 

18 

(10) 

3 

(3) 

8 

(4) 

1090 

(158) 

1220 

(177) 

1620 

(235) 

876 

(127) 

1179 

(171) 

1538 

(223) 

11 

(7) 

3 

(3! 

5 

(4) 

810 

(118) 

807 

(117) 

2 

(1) 

1537 

(223) 

1363 

(198) 

806 

(117) 

1429 

(207) 

1317 

(191) 

76  2 

(11  1) 

1691  (245) 

1413  (205) 
26  (111 

900  (131) 

3 (1) 


1566  (227) 

1441  (209) 

60  2 (8.73) 

1471  (213) 

1310  (190) 
75.8  (110) 


19  (10) 


1627  (236) 

1434  (208) 
11  (7) 

869  (126) 

800  (116) 
3 (1) 


Testing  Temperature.  K (F) 

297 (75) 

Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Avg 

733.6  (106.4) 

Mm 

643.3  (93.31  | 

Std  Deviation 

46.3  (6.71)  1 

TVS,  MN/m2  (ksi) 

Avg 

Mm 

Std.  Deviation 

Elong,  percent 

Avg 

13.4 

Mm 

!./ 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

11  (3 ) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS.  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No  of  Heats) 

NTS.  MN/m2  (ksi) 

Avq  1 

K,= 

Min  1 

No.  of  Spec.  (No  of  Heats) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

807  (117) 

Min 

807  (117) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Std  Deviation 

Elong,  percent 

Avg 

1.6 

Mm 

1.6 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

1 (D 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

MTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  53354,  59158, 60578 

i r;" 


77  (320) 

1262  (183) 

1262  (183) 


2.0 

2.0 


(1) 


1234  (179) 
1234  (179) 


1.6 

1.6 


(1) 


1528 

(221. 

1386 

(201. 

16.7 

(11.1 

2 

65 

0.00 

35 

(3) 

20  (-423)T 


1475.5  (214) 

1475.5  (214) 


1.0 

1.0 


(1) 


9.2.2  1.1  (11/76) 


UO  91 


I 


TABLE  9.2.2  ME2 


Alloy  Designation:  Ti  SAF2.SSn  (ELI) 

Specification: 

Form:  Sheet 

Thickness,  cm  On.):  0.100  to  0.319  (0.040  to  0.125) 

Condition:  An-  ^aled 


Testing  Temperature,  K (F) 

297 

(75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

812 

(118) 

985 

(143) 

1313 

(190) 

1599 

(232) 

Min 

758 

(110) 

910 

(132) 

1234 

(179) 

1429 

(207) 

StcJ.  Deviation 

41  6 

(6.03) 

09  6 

(101) 

532 

(7  72) 

91  7 

(133) 

TVS,  MN/m2  (ksi) 

Avg 

752 

(109) 

905 

(131) 

1230 

(178) 

1475 

(214) 

Mm 

090 

(101) 

814 

(118) 

1158 

(108) 

1331 

(193) 

Std  Deviation 

37  9 

(5  50) 

508 

(8  24) 

55.9 

(8  11) 

91  7 

(13  3) 

Elong,  percent 

Avg 

15.5 

14.8 

15.4 

9.5 

Mm 

65 

55 

3.0 

5 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No  of  Hears) 

24 

(10) 

/ 

(4) 

2b 

(ID 

29 

(11) 

E,  GN/m2  (10®  psi) 

Avg 

114 

(16.6) 

124 

(18.0) 

129 

(18.8) 

134 

(19.4) 

Min 

108 

(157) 

124 

(180l 

120 

(17  4) 

131 

(190) 

No.  of  Spec  (No.  ol  Heats) 

10 

(5) 

2 

(1) 

10 

(4) 

5 

(?) 

Poisson's  Ratio 

0.32 

. 

0.285 

0.31 

0.34 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1089 

(158) 

1613 

(234) 

1769 

(257) 

Kt  = 3.5 

Min 

1089 

(158) 

1551 

(225) 

1 '65 

(227) 

No  of  Spec.  (No.  of  Heats) 

3 

(1) 

3 

U) 

3 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

1076 

(156) 

1227 

(178) 

1567 

(227) 

1640 

(238) 

Kt  =6.3 

Min 

1048 

052) 

1200 

(174) 

1531 

(222) 

1372 

(199) 

No  of  Spec.  (No  of  Heats) 

11 

(5) 

5 

(3) 

11 

(5) 

14 

(6) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avg 

817 

(118) 

986 

(143) 

1308 

(190) 

1576 

(228) 

Min 

758 

U10) 

910 

(132) 

1326 

(179) 

140? 

(203) 

Std.  Deviation 

52.3 

(7.59) 

64  2 

(9  31) 

133 

(19.4) 

TYS,  MN/m2  (ksi) 

Avg 

776 

(112) 

936 

(136) 

1244 

(180) 

1473 

(214) 

Min 

703 

(102) 

890 

(130) 

1189 

(172) 

1.386 

(201) 

Std.  Deviation 

44  4 

(0  44) 

52.2 

(7.57) 

82.7 

(12.0) 

Eiong,  percent 

Avg 

12.2 

9.1 

12.2 

8.1 

Min 

6.5 

5.5 

1 5 

1b 

RA,  percent 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

9 

(0) 

6 

(4) 

9 

(6) 

10 

(5) 

E,  GN/m2  (10®  psi) 

Avg 

110 

(16.0) 

127 

(18.4) 

125 

(18.1) 

138 

(20. 1 j 

Min 

107 

(15.5) 

127 

(18.4) 

117 

(17.0) 

135 

(19.6) 

No.  ol  Spec.  (No.  of  Heats) 

4 

(2) 

2 

(1) 

4 

(2) 

2 

(1) 

Poisson's  Ratio 

0.305 

0.305 

0.275 

0.315 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1105 

(160) 

1300 

(188) 

1529 

(222) 

1439 

(209) 

K,  = 6.3 

Min 

1089 

(158) 

1289 

(187) 

1402 

(212) 

1220 

(177) 

No  of  Spec.  (No.  of  Heats) 

3 

(1) 

2 

(2) 

4 

(3) 

4 

(3) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heals) 

i 1 

Reference*:  40128,  45136,  46356,  50498,  58024,  61688,  80104,  81726,  84318,  87195  • s • < 

9.2.2  2 (11/74) 


Testing  Temperature,  K (F) 


20  (-423)1 


Specification: 

Form: 

Sheet 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed 

Fatigue,  Axial  Loading 

Sfg  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = 0.01  and  Kt  * 1 

Nc  of  S N Curves  (No.  ol  Heats) 

Ratio  Sn/TUS  at  105  cycles 

Sfl  at  10®  cycles.  MN/m2{ksi) 
Loading  frequency  Hz 

with  R = 0.01  and  Kj  1 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = 0.01  and  Kj  = 1 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TL'S  at  10®  cycles 

Fatigue.  Fler  jI  Loading 

Sn  at  10®  cycles,  MN/m2(k$i) 
Loading  frequency  Hz 

with  R = and  - 

No.  of  S N Curves  (No.  ol  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  10®  cycles,  MN/m2>si) 
Loading  frequency  >lz 

with  R = and  Kt  =* 

No.  of  S N Cuives  (No.  of  HealO 

Ratio  Sn/TUS  at  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  * 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  107  cycles 


827  (120)  965  (140) 


0 65  0.60 


827  (120)  882  (1281 


0.65  0.55 


814  (118)  758  (110) 


0.62  0.48 


References:  53308,  56753,  56024 


70  < 


9.2  2-3  (11/74) 


>ViiIP»  i^HWrgOHWHMI^'HUP^Wl J^JT» 

Ti  5AI-2.5Sn(ELI) 

TABLE  9.2-2*AE3.1 

Sheet  Weld  Metal 

Alloy  Designation: 

Ti  5AI  2.5Sn  (ELI)  (Weld  Metal) 

TABLE  9.2.2-ME3.2 

T»5Al2.5Sn(ELI) 
Sheet  Weld  Metal 

Altov  Designation; 

Ti-5AI  2.5SN  (ELlKWeid  Metal) 

Specification: 

Form: 

Thickness,  cm  (jn.)r 
Condition: 

Sheet  TIG  welded,  no  filler 
0.100  to  0.319  (0.040  to  0.125) 
Annealed 

Ti  5AI  2.5Sn  (ELI) 
Sheet 


TABLE  9.2.2  ME5 


Alloy  Designation:  Ti  5AI  2.5Sn  (ELI) 


Specification: 

Form:  Sheet 

Thickness,  cm  (in.):  0.320  to  0.634  (0.126  to  0.249) 
Condition:  Annealed 


Testing  Temperature,  K IF) 


CYS,  MN/m2  (ksi)  A 

\ 

No  of  Spec.  (No.  of  Heats) 

Ec,GN/m2(1Q6pst)  / 

N 

No.  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  / 

ft 

No  of  Spec.  (No  of  Heats) 

Ec,  GN/m2  ( 10®  psi)  f 

f. 

No.  of  Spec.  (No.  of  Heats) 

Shear'll 

SUS,  MIM/m2  (ksi)  A 

No.  of  Spec.  (No.  of  Heats' 

G.  GN/m2  (106  psi)  / 

ft 

No  of  Spec.  (No.  of  Heats) 


Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(ft  lb)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats! 

Fracture  Toughness^ 

Kjc  MN/m3/2(ksi/ in.)  Avg 

Mm 

Orientation  — 

No.  of  Spec.  (No.  of  Heats) 

K|£,  MN/m2'2(ksi/in.)  Avg 

(From  PTSC  spec.KL  — S }Mm 
No.  of  Spec.  (No.  of  Heats) 

References:  84320 

(a)  Indicate  specimen  design  and  orientation  for  sheer  specimens: 

(b)  i.uiio-te  specimen  design  for  K|c  data: 


56.9  (52.1) 

51.8  (4-7.4) 

3 (1) 


9.2.2  5 (11/74) 


Testing  Temperature,  K (F) 


TUS.  MN/m2  ‘ Vsi) 

Arg 

Mm 

Sid  Deviation 

TYS.  MN/m*  (ksi) 

Avg 

Mm 

Sid.  Deviation 

Elong,  percent 

Avg 

Mm 

RA,  percent 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/ro*  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m*  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No 

of  Hears) 

NTS,  MN/m*  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec  (No 

of  Heats) 

Tension,  Transverse 

TUS,  MN/m*  (ksi) 

Avg 

807 

(117.1) 

Min 

804 

(116.6) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

764 

(110.8) 

Mm 

764 

(110.8) 

Std  Deviation 

Elong,  percent 

Avg 

11.5 

Mm 

11.0 

RA,  percent 

Avg 

39 

Mm 

37 

No.  of  Spec  (No.  of  Heats) 

2 

(1) 

E,  GN/m*  (10®  psi) 

Avg 

126 

(18.3) 

Mm 

123 

(17.9) 

No  of  Spec.  (No.  of  Heats) 

2 

(1) 

Poisson's  Ratio 

0.270 

Work  Hardening  Coef 

NTS.  MN/m*  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m*  (ksi) 

Avg 

Mm 

297 {75) 


77  <-320) 


127?  (185.2) 
1277  (185.2) 


1215  (176.3) 

1215  (176.3) 


11.0 

10.0 


22 

20 

2 m 


130  (18.8) 

128  (18.6) 

2 (1) 


0.260 


1414  (205.1) 
1393  (202.1) 


21 

21 

(1) 


0.250 


Reference*: 


84313 


9.2.25.1  (11/76) 


Testing  Temperature,  * { F) 


77 


(-320) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

820 

(118.9) 

910 

(132) 

1280 

(185,6) 

1506 

(218.4) 

Min 

789 

(114.5) 

1220 

(177) 

1441 

(209) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

754 

(109.4) 

869 

(126) 

1199 

(174) 

1375 

(199.4) 

Mi  n 

68B 

(100) 

1175 

(170.5) 

1344 

(195) 

Std  Deviation 

-- 

31.8 

(4.62) 

41.9 

(6.08) 

Elong,  percent 

Avg 

18.7 

24 

12.4 

8.1 

Mm 

14 

8 

5 

RA,  percent 

Avg 

Mm 

I'  j of  Spec  (No.  of  Heats) 

7 

(4) 

(1) 

7 

(4) 

7 

(4) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

0.076 

0.058 

NTS,  MN/m2  (ksi) 

Avg 

*t- 

Mm  | 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 
TUS,  MN/it|4  (ksi) 

Avg 

809 

(117) 

912 

(132) 

1261 

(183) 

1473 

(214) 

Mm 

786 

(114) 

903 

(131) 

1251 

(181) 

1400 

(203) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

740 

(107) 

884 

(128) 

1203 

(174) 

1310 

(190) 

Mm 

706 

(102) 

869 

(126)  , 

1248 

(181) 

Std.  Deviation 

Elong,  percent 

Avg 

21.3 

21.8  i 

23.4 

21.4 

Mm 

16  5 

21.3 

22  7 

17.1 

RA.  percent 

Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

3 

12) 

2 

(D 

8 

(2) 

6 

(3) 

E,  GN/m2  (10®  psi) 

Avg 

Min  i 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

0.063 

0.037 

NTS,  “IN/m2  (ksi) 

Avg 

Kt- 

Mm 

No.  of  Spec.  (No.  of  Keats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  “ 

Mm 

No.  of  Spec.  (No  of  Heats) 

References:  56755,64969,79816,80996,84321.96685 

9.2.2 Vi  (11/76) 


Ti-5AI-2.5Sn  (ELI) 
Plate 


TABLE  9.2.2  ME? 


Alloy  Designation:  Ti  FA»-2.5Sn  (ELI) 


Specification:  MIL-T-9046  C,  Class  3 

Form:  Plate 

Thickness,  cm  (in.):  0.635  to  1.269  <0.250  to  0.499) 
Condition:  Annealed 


Testing  Temperature.  K (F) 

Compression,  Longitudinal 

CYS,  MN/m2  fksi)  Avg 

Mm 

No.  ol  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Min 

No.  ol  Spec.  (No.  ol  Heats) 

Compression,  Transverse 

CYS,  MN/m2  (ksi)  Avg 

Min 

No  ol  Spec  (No.  of  H^ets) 

Ec,  GN/m2  ( 1 06  psi)  Avg 

Mm 

No  ol  Spec.  (No.  ol  Heats) 

Shear 

S' IS,  MN/m2  (ksi)  Avg  594 

Transverse  Specimens  Min 

No  ol  Spec.  (No  ol  Heu.s)  4 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No.  ol  Spec.  (No.  ol  Heats) 


(75)  195  (-108)  I 77  (-320)  | 20 


(86.1)  758  (110)  979  (142)  903  (131) 


Long.,  Nm(tt-ib)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Trans.,  Nm(fMb)  Avg 

Min 

Nc  ol  Spec.  (No.  of  Heats) 

Frecture  Toughness!®) 

K|C  MN/m3/2(ksi/  in.)  Avg 

Mm 

Orientation:  — 

No.  ol  Spec.  (No.  of  Heats) 

K|£,  MN/m3^2(ksiv/in.)  Avg 

(From  PTSC  spec.K  - |Mm 

No  of  Spec  (No.  of  Heats)  | | 

References:  65182 

(a)  Indicate  specimen  design  and  orientation  for  shear  specimens:  0.394  cm  (0.155  in.)  diameter 

(b)  Indicate  specimen  design  for  K|c  data: 


9.2.2  7 (11/74) 


TABLE  P.2.2  ME7.1 


Ti-5AI-2.5Sn(ELI) 
Plate-Weld  Metal 


Alloy  Designation: 

Ti-5AI  2.SSN<ELI)(WekJ  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.»: 
Condition' 

Plate-TIG  welded,  no  filler 
0.635  to  1.269  (0.250  to  0.499) 
Annealed 

Testing  Temperature.  K (F) 


Tension,  Longitudinal 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS.  MN/m2  (ksi) 
Std  Deviation 

Elong,  percent 


297  (75) 


Avg  869  (126) 

Min  869  (126) 


Avg  807  (117) 

Mm  807  (117) 


20  (423) 


1324  <19*’)  1551  (225.0) 

1324  (192)  1529  (221.8) 


1269  (184)  1406  (204) 

1269  (184)  1406  ( 204) 


RA,  percent 


Mo.  ol  Spec  (No 

of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Min 

No.  of  Spec.  (No 

of  Heats) 

Poisson  i Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

Tension,  T ransverse 

TUS.  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Min 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Avg 

Mm 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mtn 

No  of  Spec.  (No. 

of  Heats) 

E.  GN/mZaoGpa) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson’s  Ratio 

Worit  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

*t“ 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K*  * Min 

No  of  Spec.  (No.  of  Heats) 

References:  76455, 84321 


24.6 

21.1 

3 (2) 


922  7.1  (11776) 


TABLE  9.2.2-ME8 


Ti5AI-2.5Sn(ELI) 

Plata 


} 


Alloy  Designation:  Ti5AI-2.5So  (ELQ 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  1.270  to  2.540  (0.500  to  1.0001 
Condition:  Annealed 


Testing  Temperature,  K (F) 

297 

(75) 

195 

(■108) 

77 

(320) 

20 

(-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

765 

(111) 

905 

(131) 

1247 

(180.8) 

1438 

(208.5) 

Min 

745 

(108) 

889 

( 129) 

1213 

(176) 

1386 

(201) 

Sul  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

702 

(101.8) 

859 

(124) 

1204 

(174.7) 

1389 

(201.5) 

Mm 

683 

(99) 

864 

(124) 

1176 

(170.6) 

1289 

(187) 

Sid  Deviation 

12 

(1.76) 

46 

(6.68! 

Elong,  -'ercent 

Avg 

32.8 

22.4 

26.0 

17.0 

Min 

14.0 

22  2 

8.0 

3.0 

RA,  percent 

Avg 

43.2 

40.4 

35.8 

31.6 

Mm 

42  6 

38  7 

34  B 

31  2 

No  of  Spec.  (No. 

of  Heats) 

5 

(3) 

2 

(D 

5 

(3) 

5 

(3) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No.  o)  Spec.  (No 

I Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

0.067 

0.049 

0.060 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  Ksi) 

Avg 

Kt  = 

Mm 

No  of  Spec.  (No. 

ol  Heats) 

Tension,  Transverse 
TUS,  MN/ir.2  (ksi) 

Avg 

776 

(112) 

906 

,131) 

1234 

(179) 

1542 

(224) 

Mm 

776 

(112) 

887 

(129) 

1230 

(178) 

1513 

(219) 

St d.  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

696 

not) 

855 

(124) 

1203 

(174.5) 

1420 

(206) 

Min 

696 

(101 ) 

116b 

(169) 

1400 

(203) 

Std.  Deviation 

13.4 

(1.95) 

21.5 

(3.12) 

Elong,  percent 

Avg 

24.6 

20.6 

21.4 

17.8 

Mm 

23  1 

20 

20 

RA,  percent 

Avg 

42.8 

39.6 

36.8 

31.5 

Mm 

41  9 

38  7 

36  b 

51  2 

No.  of  Spec  (No 

ot  Heats) 

2 

(11 

2 

(t) 

13 

(2) 

15 

(2) 

£,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

0.062 

0.054 

NTS,  MN/m2  (ksi) 

Avg 

*t  = 

Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  “ 

Mm 

No  of  Spec  (No 

of  Heats) 

References:  64969,84321.91793.96685 

9.2.2  8 (11/76)  ?1 


i 


9.2.2 -8.1  (11/76) 


Ti-5AI-2.5Sn  (ELI) 
Bar 


TABLE  9.2.2-ME9 


Alloy  Designation,  Ti  5AI-2  5Sn  (ELI) 


Specification: 

Form: 

Diameter 

Condition: 


Bar 

Up  to  2.54  cm  (1.000  in.) 
Annealed 


Testing  Temperature,  K (F) 


Tension.  Longitudinal 
TUS,  MN/m2  (ksi) 

S«t  Deviation 

TVS,  MN/m2  (ksi) 
c'.d.  Deviation 

Eking,  percent 

RA,  percent 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

No  o)  Spec  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 6.4 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

No.  of  Spec.  (No.  o!  Heats) 

Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Std  Deviation 

Elong,  percent 

RA,  percent 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No  of  Spec,  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Kt  = 

No  of  Sfiec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

«t  = 

No  of  Spec  (No  of  Heats) 


Avg 

Mm 


Avg 

Mm 


Avg 

Min 

Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 


Avg 

Mm 

Avg 

Mm 


Avg 

Mm 


Avg 

Min 


Avg 

Mm 


297  (75) 


878  (127) 

814  (118) 

30  1 (4  36) 

814  (118) 

71/  (104) 

37  1 (5  38) 


15.8 

12 

42.2 

39 

14  (4) 

119  (17.3) 

3 HI 

0.289 


1058  (153) 
1000  (145) 

5 (1) 


77 


(•3201 


1376  (200) 

1317  (191) 
57  7 (8.37) 

1260  (183) 

1096  (159) 
128  (18  6) 

12.2 

8 


9 (3) 

126  (18.3) 

3 (1) 

0.287 


20 


(-4231 


1531  (222) 

1503  (218) 


1455  (211) 

1427  (207) 


5.7 

3 


17 


(-430) 


1575  (228.4) 
1538  (223) 

33.6  (4.88) 

1477  (214.2) 
1400  (203) 

51.7  (7.5) 

9.7 
t 3 

32.3 

3? 

10  (2) 


1842  (267) 

1800  (261) 

5 (1) 


(-452) 


1476  (214) 


1413  (205) 


3 (1) 

129  (18.7) 

3 (1) 

0.287 


71  .< 


References:  64373,  83417,  89543 


9.2.2  9 (11/76) 


TABLE  9.2.2  ME  10 


Alloy  Desiccation.  Ti  5AI  2.5Sn  (ELI) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Bar 

Up  to  2.54  cm  (1  000  in.) 
Annealed 


Testing  Temperature,  K (F) 


| 297  (75) 

77  ( 320) 

20  (-423)j 

Fatigue,  Axial  Loading,  Surface  Finish  32  rms 


Sfg  at  10®  cycles,  MN/m2{ksi) 
Loading  frequency  28  Hz 
with  R = 0 and  K*  = 1 

No  of  S N Curves  (No  ol  Heats) 

Ratio  S^/TUS  at  10®  cycles 

S(g  at  10®  cycles,  MN/m2(ksi) 
Loading  frequency  28  Hz 
with  R =0  and  Kt  = 1 

No  ol  S N Curves  (No  ol  Heais) 

Ratio  Sjij/TUS  at  10®  cycles 

Sn  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  28  Hz 
with  R = 0 and  Kt  = 1 

No  of  S N Curves  (No  of  Heals) 

Ratio  Sn/TUS  at  107  cycles 

Fatigue,  Flexural  Loading 

Sn  at  10®  cycles,  MN/m2{ksi> 
Loading  frequency  Hz 

vith  R = and  Kj  = 

No  of  S N Curves  (No.  ol  Heats) 

Ratio  Sjy/TUS  at  10®  cycles 

SN  at  10®  cycles,  MN/m2(ksi> 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S N Curves  (No  of  Heats) 

Ratio  Sn/TUS  at  10®  cycles 

SN  at  107  cycles,  MN/m2(ksi) 
Loading  frequency  Hz 

with  R = and  Kt  = 

No  of  S-N  Curves  (No  of  Heats) 

Ratio  Sfg/TUS  at  107  cycles 
References:  83417 


807 


(1171 


1 (1 

0.92 
758  (110K 

1 (1) 

0.87 
717  (104)1 


(1) 


0.82 


1207  (175) 

I (I) 

0.91 

986  (143) 

1 (D 

0.74 

882  (128) 

1 (1) 

0.66 


1076  (156) 

I 01 

0.70 

924  (134) 

1 (D 

0.60 


71  ■*= 

9.2.2-10  (11/74) 

K — — 


j 


Alloy  Designation:  Ti-6AI-4V  (ELM 


Specification : 

Form: 

Sheet 

Thickness,  cm  (in.): 

Up  to  0.099  (0.039) 

Condition: 

Annealed 

Testing  Temperature,  K (F)  | 297  (75)  f 

Tension,  Longitudinal 


TUS,  MN/m2  |ksi)  Avg 

Miri 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No  ol  Spec  (No.  of  Heats) 

E.  GN/m2  (106  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = 6,3  Min 

No.  of  Spec  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  = 19  Mm 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 


TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong,  percent  Avg 

Miri 

RA,  percent  Avg 

Mm 

No,  of  Spec  (No.  of  Heats) 

E.  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  * 6.3  Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

K,  » 19  Mm 

No  of  Spec.  (No.  of  Heats) 

References:  47125,51527,90185 


958  (139) 

85b  (124) 

54  (7.85) 

889  (129) 

827  (120) 

49  (7.071 


912  (132) 

814  (1181 


857  (124) 

800  (116) 


108  (15.7) 

105  (153) 

5 IV 


1094  (159) 

1082  (157) 
5 (1) 

841  (122) 

786  (114) 

5 (1) 


TABLE  9.3.1 -ME  1 


195  (108)  1 77  (-320)  20  (423) 


1165  (169)  1489  (216) 

1131  (164)  1351  (196) 


1118  (162)  1393  (202) 

1117  (1G2)  1207  (175) 

114  (16,47) 

10.5  10.75 

7 5 


1744  (253) 
1531  (222) 

91  (13.2) 

1682  (244) 
1462  (212) 
79  (11.40 


(3) 

5 

(1) 

13 

(3) 

14 

(4) 

(16.0) 

115 

(16.7) 

119 

(17.3) 

132 

(19.1) 

(15.81 

111 

(16. 1)  | 

f?4 

(16.5) 

128 

(186) 

(1) 

5 

(1) 

5 

(1) 

5 

(1) 

(164) 

1291 

(187)  i 

1517 

(220) 

1689 

(245) 

(148) 

1248 

(181) 

1462 

(212) 

1386 

(201) 

(2) 

5 

(1) 

7 

(2) 

7 

(2) 

U 37) 

814 

(118) 

889 

(129) 

855 

(124) 

(126) 

724 

(105) 

807 

(117) 

807 

(117) 

(1) 

5 

(1) 

5 

(1) 

5 

(1) 

1129  (164)  1472  (214) 

1123  (163)  1379  (200) 


1064  (154)  1428  (207) 

1054  (153)  1331  (193) 


111  (16.1)  118  (17.2) 

109  (15  8)  114  (16.5) 

5 (1)  5 (1) 


1763  (256) 

1627  (236) 
100  (145) 

1715  (249) 

1613  (234) 


131  (19.1) 

126  (18.3) 


1247  (181)  1488  (216)  1845  (268) 

1241  (180)  1393  (202)  1813  (263) 

5 (1)  5 (1)  5 (1) 

809  (117)  10C9  (145)  793  (115) 

807  (117)  979  (142)  745  (108) 

5 (1)  5 (1)  5 (1) 


9.3.1  1 (11/76) 


Ti-6AI4V  (ELI) 
Sheet 


TABLE  9.3.1-ME2 


Ti-6AI-4V(EL!) 

Sheet 


Alloy  Designation:  Ti-6AI-4V  (ELI) 

Specification: 

Form:  ^eet 

Thickness,  cm  (in.):  0.100  to  0.319  (0.040  to  0.125) 
Condition:  Annealed 


Testing  Temperature,  K (F) 

297  (75) 

195  (108) 

122 

(-240) 

77  (-320) 

20  (-423) 

Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Avg 

958  (138.9) 

1144  (165.9) 

1324 

(192) 

1506  (218.5) 

1779  (258) 

Min 

896  (130) 

1107  (160.5) 

1482  (215) 

1717  (249) 

Std  Deviation 

40.7  (5.9) 

— 

12  (1-72) 

34.4  (4.99) 

TVS,  MN/m2  (ksi) 

Avg 

889  (128.9) 

1082  (157) 

1448  (210) 

1717  (249) 

Mir, 

841  (122) 

1053  (152.8) 

1393  (202) 

1648  (239) 

Std  Deviation 

35  (5.09) 

-- 

34  (4.97) 

41.4  (6.0) 

Elong,  percent 

Avg 

11.28 

8.17 

8 

9.50 

2.98 

Min 

7 

2.5 

2 

1.7 

RA,  percent 

Avg 

Min 

No  of  Spec  (No  of  Heats) 

9 (5) 

6 (4) 

(1) 

10  (5) 

9 (4) 

E,  GN/m2  (106  psi) 

Avg 

112.4(16.3) 

113  (16.4) 

122  (17.7) 

124  (18.0) 

Min 

108.9  (15.8) 

112.4  (16.3) 

119  (17.3) 

118.6(17.2) 

No  ol  Spec.  (No  ol  Heats) 

2 (1) 

2 (1) 

3 (1) 

3 (1) 

Poisson's  Ratio 

0.21 

0.24 

0.20 

0.18 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1105  (160.3) 

1151  (167) 

■»400  (203) 

1303  (189) 

K.  = 6.3 

Min 

1082  (157) 

1131  (164) 

1248  (181) 

1117  (162) 

No.  of  Spec  (No.  of  Heats) 

6 (3) 

3 12) 

6 13) 

6 (3) 

NTS,  MN/m2  (ksi) 

Av^ 

1048  (152) 

1138  (165) 

1202 

1177) 

1193  (173) 

K,  =>10-  11.2 

Mm 

No  of  Spec.  (No.  ol  Heats) 

(1) 

(1) 

(1) 

0) 

Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Avc 

1004  (145.6) 

1198  (17S.7) 

1522  (220.7) 

1735  (251.6) 

Min 

938  (136) 

1158  (168) 

1475  (214) 

1599  (232) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

944  (137) 

1149  (166.6! 

1491  (216.3) 

1682  (244) 

Min 

882  (128) 

1)03  (160) 

1418  (210) 

1586  (230) 

Std  Deviation 

Elong.  percent 

Avg 

12.2 

10.9 

10 

1.94 

Mn 

10 

10 

5 

1 

RA.  percent 

Avq 

Mm 

No  of  Spec  (No.  of  Heats) 

5 (2) 

5 (3) 

7 (3) 

7 (3) 

E.  GN/m2  (10®  psi) 

Avg 

112  (16.3) 

116  f 16.8) 

133  (19.3) 

134  (19.4) 

Mm 

109.6(15.9) 

113  (16.4) 

120  (17.4) 

127  (1R.4) 

No  of  Spec.  (No  of  Heats) 

2 (1) 

3 (1) 

0 (1) 

3 n> 

Poisson's  Ratio 

0.27 

0,25 

0.24 

0.20 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1165  (169) 

1273  (184.7 

1389  (201.5) 

1255  (182) 

K.  =*  6.3 

Mm 

1158  (168) 

1248  (181) 

1255  (182) 

1158  (168) 

No.  of  Spec  (No,  of  Heats) 

4 (2) 

3 (2) 

4 (2) 

4 (2) 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Mm 

No  of  Spec.  (No  of  Heats) 

References:  40128,  47334,  49225,  >39800, 90185 

9.3.1  2 (11/76) 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 

297  (75) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg  j 

1027  (149) 

Min 

1020  (148) 

Std  Deviation 

TYS.  MN/m2  (ksi) 

Avg 

Mm 

Sid  Deviation 

Elong,  percent 

Avg 

Mm 

RA.  percent 

Avg 

Mm 

No  of  Spec.  (No  of  Heats) 

3 12) 

E,  GN/m2  (106  osi) 

Avg 

Mm 

Sheet  TIG  welded,  Ti-6AI4V  filler 
0.100  to  0.319  (0.040  to  0.125) 

Soltuion  treated  and  aged  (1660  F/5  min,  WQ;  1000  F/4  hours,  AC) 


1615  (234.3)|  1898  (275.3) 
1598  (231.8)  1850  (268.3) 


No  of  Spec.  (No  ol  Heals) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No  of  Spec  (No.  ol  Heats) 

NTS,  MN/m2  (ksi)  Avg 

= Mm 

No  of  Spec.  (No  of  Heats) 

Tension.  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

K,  - Mm 

No.  of  Spec,  (No.  of  •'•tsl 

References:  56753, 58024 


9.3.1  2.1  (11/76) 


Mhmk 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TVS,  MN/m2  (ksi) 
Std.  Deviation 

Etong,  percent 


(129.4) 

1418 

(205.7) 

1640 

(237.8) 

(124.5) 

1362 

(197.6) 

1626 

(235.8) 

(122) 

1331 

(193) 

16^1 

(232.2) 

1599 

(232.0) 

RA,  percent  Avg 

N 1 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS.  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std  Deviation 

Eking,  percent 


Avg  867  (125.8) 

Mm  862  (125.0) 


Avg  841  (122) 

Mm 


8.5 

6 

3 (2) 


I3K3  (197.7) 

1362  (197.5) 


1331  (193) 


1617  (234.6) 

1597  (231.6) 


1575  (228.3) 
1553  {’?'>.  3) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No  of  He^ts) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No  of  Spec.  (No  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Mm 

No,  of  Spec  (No.  of  Heats) 

References:  75531.79816,87195 


19 

2 (2) 


9 

8 

2 (2) 


9.3.1  3 (11/76) 


TABLE  9.3.1  ME4 


Altoy  Designation:  T;  €A>  4V  (ELI) 

Specification: 

Form:  Plate 

Thickness,  cm  (in.):  0.635  to  1.269  <0.250  to  0.499} 
Condition:  Annealed 


Testing  Temperature,  K (F) 

297  (75) 

77  ( 320) 

Z0  (423) 

Compression,  Longitudinal 

CYS,  MN/m2  (ksO  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Ec,  GN  /m2  ( 10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Compression,  Transverse 

CYS,  MN/m2  iksi)  Avg 

Mm 

No  of  S’  ;c.  (No  of  Heats) 

Ec,  GN/m  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Shearl^ 

SUS,  MN/m2  (ksi)  Avg 

Mm 

No.  of  Spec.  (No  of  Heats) 

G,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

Impact.  Charpy  V 

Long.,  Nm(ft-lb)  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Tran*.,  Nm(ft-lb)  rg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Fracture  Toughness^®! 

K|C  MN/m3/2(ksi/in.>  Avg 

Min 

Orientation. 

No  of  Spec.  (No.  of  Heats) 

K|g,  MN/m3-,2(k*tV in.)  Avg 

(From  PTSC  spec.K  L - S )Mm 
No  of  Spec.  (No.  of  Heats) 

85.2  (78) 

(1) 

77.3  (70.7) 

710  (6b  0) 

3 (1) 

57.2  (52.3) 

b4  6 (50.0) 

3 (1) 

References:  79816 


(a)  Indicate  specimen  design  and  orientr*ion  for  shear  specimens: 
(b|  Indicate  specimen  design  for  K|c  data: 


77,  i< 


9.3.14  <11/74) 


Testing  Temperature,  K JF) 


297  (75) 


77 


•320) 


20 


(-423) 


Tension,  Longitudinal 
TUS,  MN/m2  (ks.) 


Sid  Deviation 

TYS,  MN/m2  (ksi) 
Sid  Deviation 

Eking,  percent 


Avg 

Wm 


Avg 

Mm 


Avg 

Min 


RA,  percent 

No.  o'  Spec  (No.  of  Heats) 

E,  GN/m2  t to6  psl) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


Avg 

Min 


994  (114.2) 

1524  (221.0) 

993  (144.0) 

1521  (220.6) 

916  (132.9) 

1480  (214.6) 

909  (131.8) 

1473  (213.7) 

6.7 

4.3 

6.0 

4.0 

14.7 

13.7 

14 

11 

3 (1) 

3 (1) 

1674  (242.8) 
1642  (238.2) 


Avg 

Min 


13.3 

11 

3 (1) 


NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

NTS.  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No.  of  Heats) 

Tension.  Transverse 

TUS.  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

Elong,  percent  Avg 

Mm 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (lO*5  psi)  Avg 

Min 

No  of  Spec.  (No  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 


NTS,  MN/m2  (ksi)  Avg 

Kt  =»  Mm 

No  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Mm 

No  of  Spec.  (No  of  Hea’s) 


References:  75531 


9.3. 1-4.1  (11/76) 


Fatigue  Crack  Growth  Rate,  da/dN,  mm/cycle 


AK,  ksi  /in" 


Annealed  Forging 

Up  to  2.540  cm  (1.000  in.) 

20  Hz 
R = 0.1 


Temperature 

Dependent 


Temperature 

Independent 


4 K • 
76  K o 
200  K a 
295  K □ 


I 5 (0  50 

Stress  Intensity  Factor  Range,  AK,MN/m3'£ 

FIGURE  9.3.1-ME2.  FATIGUE  CRACK  GROWTH  RATES  FOR  Ti-6AI-4V  (ELI)  ALLOY  AT 
4K,  76K,  200K  AND  295K  (-452F,  -321F,  -103F  AND  73F)<94208C) 


i 

7vU< 


9.3.1-9  <1 1/75) 


■ 


TABLE  9.3.1  TR1 


Alloy  Designation: 


Ti-6AI-4V(ELI)  Alloy 


Specification: 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  itT1  K'1 
Btu  hr'1  ft'1  F'l 
No  of  Spec. 
References:  96888 

Thermal  Expansion  (T273  t 
Longitudinal 

Percent 

No  of  Spec. 

References: 

Specific  Heat 

Joules  kg" 1 K'1 
Btu  lb'1  F'1 

No.  of  Spec 

References: 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft"1 

No.  of  Spec 

References:  79561 


156  x 10-®  139  x 10  s 

(938)  (8?6) 

1 1 


135  x 10"®  133  xlO'8 

(812)  !800) 
1 1 


Magnetothermal 

Conductivity 

Watts  m 1 K 1 
Btu  hr'1  ft  1 F 1 

Watts  m 1 K 1 
Btu  hr  1 ft’1  F 1 

Watts  m'1  K 1 
Btu  hr'1  ft’1  F 1 

Watts  m1  K'1 
Btu  hr'1  ft'1  F'1 
No.  o'<  Spec. 
References:  96888 


7w< 


9.3.110  (11/76) 


-200  -100  32 


Thermal  Conductivity,  watts  m'1  K 


9.3.1-12  (11/76) 


TABLE  9.3.2  -ME1 


H-6AI-4V 

Sheet 


x r 


Alloy  Designation : Ti-6AI-4V  (Nominal  Interstitial  Content) 

Specification: 

Form:  Sheet 

Thickness,  cm  tin.):  Up  to  0.099  (0.039) 

Condition:  STA 


Testing  Temperature,  K (F) 

297  (75) 

195  (108) 

77  (320) 

20  (-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

1151  (167) 

1344.5  (195) 

1737.5  (252) 

1950,5  (282.9) 

TYS,  MN/m2  (ksij  Avg 

Mm 

Std.  Deviation 

1052  (152.6) 

1253  (181.7) 

1648  (239) 

1900  (275.6) 

Elong,  percent  Avg 

Min 

7.9 

5.0 

5.9 

2.7 

RA,  percent  Avg 

Min 

No.  c(  Spec.  (No.  of  Heats) 

32.3 

21.0 

15.8 

E,  GN/m2  (10®  psi)  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

114  (16.6) 

116  (16.8) 

125  (18.2) 

123  (17.9) 

Poisson's  Ratio 

0.300 

0.290 

0280 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No,  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tensmn,  Transverse 

TUS,  MN/rn2  (ksi)  Avg 

Min 

Std.  Deviation 

1169  (169.5) 

1404  (203.7) 

1696  (246) 

1929  (279.8) 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

1082  (157) 

1303  (189) 

1619  (234.8) 

1855  (269) 

Elong,  percent  Avg 

Min 

6.9 

4.6 

4.5 

2.5 

RA,  percent  Avg 

Min 

No.  of  Spec  (No,  of  Heat s) 

29.9 

21.4 

16.9 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

123  (17.9) 

121  (17.5) 

127  (18.4) 

132  (19.1) 

Poisson's  Ratio 

0.310 

0.300 

0.270 

Work  Hardening  Coef 

NTS,  MN/m2  <k$i)  Avg 

K,  =■  Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

1 


References:  64353.  89716,  89983 


9.3.2  1 (11/76) 


TABLE  9.3.2  ME2 


TI-6AI-4V 
Sheet  Wald  Mata  I 


Alloy  Designation: 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Ti-6AI-4V  (Weld  Metal) 


Sheet  TIG  welded,  Ti-€AI-4V  filler 
Up  to  0.099  (0.039) 

Post  we*d  treatment,  stress  relieved  in  vacuum  furnace  at  811  K (1000  F)  for  4 hours 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 

Ekjng,  percent 


297  (75) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 


Tension,  Transverse 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Std.  Deviation 


Avg  1099  (159.4) 

Min  1083  (157.1) 


Avg  1078  (156.3) 

Min  1054  (152.8) 


1910  (277) 
1870  (271.2) 


1910  (277) 
1870  (271.2) 


Elong,  percent 


RA,  percent  Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson’s  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  ■ Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Mm 

No  of  Spec.  (No.  of  Heats) 


References:  89983 


9.3.2  2(11/76) 


Allov  Designation: 


Specification: 

Form: 

Thick  non,  cm  (in.): 


TA3LE  9.3.2  ME3 

Ti4)Al-4V  (Nominal  intarsitital  Contant) 


Condition:  ! 


Testing  Temperature,  < (F) 


Tension,  Longitudinal 


TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Elong,  percent 


Sheet 

0.100  to  0.319  (0.040  to  0.125) 
STA 


297  (75) 


IISMI 


FE5JII 


1826 

(264.6) 

1468 

1213.0) 

220 

(31.94) 

1693 

(245.6) 

1296 

(188.01 

255 

(37.0) 

T1-8AI-4V 

Sheet 


RA,  percent 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi) 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

K,  = 3-3.5  .-Mm 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  = 6.3  Min 

No  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Liong,  percent  Avg 


23.5 

16.1 

9 (5) 


17.5 
10.8 
14  (7) 


112  (16.2)  | 117  (16.9)  122  (17.7)  126  (18.3) 

114  (16.6)  121  (17.5)  113  (16.4) 

9 (5)  15  (2)  7 (3)  10  (4) 


1333  (193.4)  1517  (220)  1932  <280.2)  2077  (301.3) 

1296  (188.0)  1489  (216)  1682  (244.0)  1773  (257.M 

6 (2)  3 (1)  5 (2)  6 (2) 


1172  (170) 
1172  (170) 
2 (1) 


1444  (209.5)  1267.  (275.6) 

(351  (196.01  [ 1193  (173) 

2 II)  2 (1) 


1174  (170.3)  1328  (192.3)  1679  (243.5!  1900  (275.6) 

1034  (150.0)  1175  (170.4)  1489  (216.0)  1668  (241.9) 

65  (9.44) 

1076  (156.0)  1202  (174.4)  1586  (230)  1801  (261.2) 

876  (127.0)  979  (142.0)  1337  (194)  1656  (240.2) 

81.4  (11.81)  I 


(5)  5 

(3) 

5 

(3) 

3 

(2) 

(16.3)  114 

(16.6) 

119 

(17.3) 

125 

08.1) 

(15.1)  113 

(16.4) 

116 

06.9) 

(3)  3 

(1) 

3 

0) 

1 

O) 

RA,  percent  Avg 

Min 

No  of  Spec  (No.  of  Heats) 

E,  GN/m2(10®p«>  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

References:  37146,  47311,  49048, 49088. 58024, 58060, 78652, 89983, 90172, 90185 

9.3.2-3  01/76) 


■ 

Alloy  D«iyn**ion: 

TABLE  9.3.2 -ME 4 

Ti-6AI-4V  (Nominal  Interstitial  Content)  (Weld  Metal) 

Ti-6AI-4V 
Sheet-Weld  Metal 

Specification: 

* / ] 

v~'  j 

Form: 

Sheet-TIG  welded,  Ti-6AI-4V  filler 

Thickness,  cm  (in.): 

0.100  to  0.319  (0.040  to  0.125) 

Condition: 

Annealed 

i 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 

TUS,  MN/m2  (ksi)  Avg 

Mm 

Std.  Deviation 

TYS,  MN/mZ  {ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 

Mm 

RA,  percent  Avg 

Mm 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  {10®  psi)  Avg 

Mm 

No.  of  Spec.  {No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/mZ  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/mZ  (ksi)  Avg 

Kj  = Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/mZ  (ksi>  Avg 

Min 

Std  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Mm 

Std  Deviation 

Elong.  percent  Avg 

Min 

RA,  percent  Avg 

Min 

No.  of  Spec  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kj  * Min 

No  of  Spec.  (No.  of  Heats? 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No  of  Spec.  (No.  of  Heats) 

References:  58060, 90185 


297  (75) 


-108)  |77  (-320)  | 20  (-423) 


Avg  967  (140.3)  1130  (163.9)  1521  (220.6)  1740  (252.4)  1603  (241.2) 

Mm  956  (138.6)  1102  (1598)  1519  (220.3)  1584  ( 229.7) 


Avg  916  (132.9)  1071  (155.4)1495  (216.8)  1562  (228.6) 


9.3.24  (11/76) 


MM 


wm 


mm. 


| 

TABLE  9.3.2-ME5 

TJ-6AI-4V 
Sheet-Weld  Metal 

Alloy  Designation: 

Ti-«AMV  (Nominal  Interstitiai  Content)  (Weld  Metal) 

Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Testing  Temperature,  K (F) 

297  (75)  1 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1119  (162.3) 

Mm 

1113  (161.5) 

Std  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1093  (158.5) 

Min 

1082  (157.0) 

Std.  Deviation 

Elong,  percent 

Avg 

1.0 

Mm 

0.6 

RA,  percent 

f 1 

No.  of  Spec.  (No,  of  Heats) 

2 (1) 

E,  GN/m2  (10®  psi) 

Avg 

Min 

Sheet-TIG  welded,  Ti-6AI-4V  filler 
0.100  to  0.319  (0.040  to  0.125) 

ST  A,  post  weld  treated,  stress  relieved  in  ■ vacuum  furnace  at  81 1 K (1000  F)  for  4 hours 


1952  (283.1) 
1927  (279.5) 


No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  = Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

S'd.  Deviation 

TYS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

Elong,  percent  Avg 


1952  (283.1) 

1927  (279.5) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NT  ,,  MN/m2  (ksi)  Avg 

■ Min 

No.  of  Spec,  (No  of  Heats) 


9.3.2 -5  (11/70) 


V 


Alloy  Designation: 

TABLE  9.3.2 -ME6 

Ti-6AI-4V  Alloy 

Ti-6AI-4V 

Plate 

t * 

Specification: 

MIL  T-9046  F,  Type  III,  Composition  C 

Form: 

Plate 

Thickness,  cm  (in  ): 

0.635  to  1.269  (0.260  to  0.499) 

Condition: 

Annealed 

Testing  Temperature,  K (F) 


TABLE  9.3.2-ME7 


Ti-6AI-4V 

Plete 


Alloy  Designation: TI-6AI-4V  (Nominal  Intfititial  Content) 

Spocifrcatkvi; 

Form;  Plata 

Thickness,  cm  (in.):  0.635  to  1 .269  (0.250  to  0.499) 

Condition:  STA 


•• 


Testing  Temperature,  K (F) 

297  (75) 

77  (-320) 

20  (-423) 

Tension,  Longitudinal 
TUS,  MN/m2  (fcsi) 

Avg 

1158  (168.0) 

1734  (251.5) 

1758  (256.0) 

Mm 

1120  (162.4) 

1703  (247.0! 

1398  (202.8) 

Std  Deviation 

TVS,  MN/m2  (ksi) 

Avg 

1062  (154) 

1620  (235) 

1937  (281) 

Min 

1022  (148.2) 

1544  (224) 

1855  (269) 

Std.  Deviation 

Elong,  percent 

Avg 

6.2 

8.0 

3.0 

Min 

3.0 

3.0 

3.0 

RA,  percent 

Avg 

17.4 

14.6 

17.3 

Min 

4.0 

4.0 

15.9 

No.  of  Spec,  (No.  of  Heats) 

5 (3) 

3 (2) 

b (3) 

E,  GN/m2  (10®  psi) 

Avg 

114  (16.6) 

133  (19.26) 

123  (T7.89) 

Min 

108  (15.6) 

132  (19.20) 

120  (17.40) 

No  of  Spec.  (No.  of  Heats) 

3 (2) 

2 (1) 

3 (2) 

Pc  s»on'*  Ratio 

o.aw 

0.290 

0.270 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

1172  (170.0) 

1710  (248) 

1779  (258) 

Min 

1129  (163.8) 

1689  (245) 

1531  (222) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

1082  (157.0) 

1620  (236) 

1856  (269) 

Min 

1055  (153.1) 

1558  (226) 

1800  (261) 

Std  Deviation 

Elong,  percent 

Avg 

6.0 

4.8 

2.7 

Min 

RA,  percent 

Avg 

16.7 

16.2 

16.3 

Min 

2.0 

4.0 

14.6 

No  of  Spec.  (No.  of  Heats) 

5 (3) 

3 (2) 

5 (3) 

E,  GN/m2  (106  psi) 

Avg 

122  (17.67) 

134  (19.4) 

132  (19.1) 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

0.310 

0.300 

0.270 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

*t- 

Min 

No  of  Spec.  (No.  of  Heais) 

References:  89716,  89983, 91696 


9.3.2-7(11/76) 


Testing  Temperature,  K (F) 


Tension,  Longitudinal 


297  (75) 


TUS,  MN/m2  (k*i} 

Avg 

Min 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

fclong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (106  psi) 

Avg 

Mm 

No  of  Sp-v.  ((•.■' 

of  Heats) 

Pnsson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

*t» 

Min 

No.  of  Spec.  (No.  of  Heats} 

NTS,  MN/m2  (ksi) 

Avg 

*t  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

Min 

Std.  Deviation 

TYS  MN/m2  (ksi) 

Avg 

Min 

Std  Deviation 

Elong,  percent 

Avg 

Min 

RA,  percent 

Avg 

Mm 

No.  of  Spec.  (No. 

of  Heats) 

E,  GN/m2  (’Oepsi) 

Avg 

Min 

No  of  Spec.  (No. 

of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Min 

No.  of  Spec.  (No. 

of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

*t  ” 

Min 

77  (-320) 


1516  (219.9} 
1500  (217.6} 


No  of  Spec.  (No.  of  Heats} 

Reference*:  49088  r-~i 


3 (1) 


7,:. 


9.3.26  (11/76} 


Ti-6AI-4V 

TABLE  9.3.2-ME9 

Plata 

Alloy  Designation: 

Ti-6AI-4V  (Nominal  Interstitial  Content) 

Specification: 

Form: 

Plate 

Thickness,  cm  (in.): 

1.270  to  2.640  (0.500  to  1.000) 

Condition: 

STA 

Testing  Temperature,  K (F) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Std  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Eiong,  percent 


297(76) 


Avg  1096  (159) 

Min 


1544  (224) 
1542  (223.7) 


Avg  1027  (149)  1228  (178.1)  1486  (215.5) 

Min  1007  (146)  1228  (178.1)  1453  (210.7) 

44.3  (6.42) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  I No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Coef 

MTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 


Tension,  T ransverse 
TUS,  MN/m2  (ksi) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 
Std.  Deviation 

Eiong,  percent 


Avg  1117  (162) 

Min 


Avg  1007  (146) 

Min 


19.7 

17.9 

14  (3) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  » Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksii  Avg 

Kt  ■ Min 

No.  of  Spec.  (No.  of  Heats) 

References:  55918,  76411,  80994, 91696 


9.3.2-9(11/76) 


Tasting  Temperature,  K (F) 


195  {>108) 


Tension,  Longitudinal 
TUS,  MN/m2  (ksi) 

Sid.  Deviation 

TYS,  MN/m2  <ksi) 
Sid.  Deviation 

Elortg,  percent 


1077 

(156.21 

923 

(133.8) 

214 

( 1.01) 

935 

(135.6) 

883 

(128.0) 

29.5 

(4.28) 

1854  (268.9)  1708  (2481 
1717  (249.0)  1708  (248) 
73.4  (10.65) 

1751  (25.4)  1655  (240) 
1572  (228)  1655  (240) 

129  (18.67) 


RA,  percent  Avg  46.4 

Mm  42.0 
No  of  Spec.  (No.  of  Heats)  12  (4) 

E.  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 
Work  Hardening  Cool 

NTS,  MN/m2  (ksi)  Avg  1271  (184.4) 

K,  = 6.4  Min  1262  (183.0) 

No.  of  Spec.  (No.  of  Heats)  5 (1) 

NTS,  MN/m2  (ksi)  Avg 

Kf  - Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi)  Avg 

Min 

Std.  Deviation 

TYS,  MN/tr.2  (ksi)  Avg 

Min 

Std.  Deviation 

Etong,  percent  Avg 


38.7 
32.5 
7 (3) 


27.1 

2.7 

18  (4) 


32.0 

32.0 

1 (1) 


1942  (281.6) 
1875  (272.0) 
5 (1) 


RA,  percent  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

E,  GN/m2  (10®  psi)  Avg 

Min 

No.  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi)  Avg 

Kt  - Min 

No  of  Spec.  (No.  of  Heats) 

References:  35611,47311,49349,54986,64373 

■.< 


9.3.2  10(11/76) 


Alloy  Designation; 


TABLE  9.3.2-ME11 


Ti-6AMV  (Nominal  Interstitial  Content) 


Ti-€AI-4V 

Forgings 


Specification: 

Form: 

Thickness,  cm  (in.): 
Condition: 


Forgings 

Annealed 


Testing  Temperature,  K (F) 

297  (75) 

77 

(-320) 

20 

1-423) 

Tension,  Longitudinal 

TUS,  MN/m2  (ksi) 

Avg 

1166  (169.1) 

1703 

(247) 

1780 

(258.1) 

Min 

1014  (147.0) 

1606 

(233) 

1686 

(244.5) 

Std.  Deviation 

37.2 

(5.4) 

TYS,  MN/m2  (ksi) 

Avg 

1034  (150? 

1620 

(235) 

1655 

(240) 

Mm 

896  (130) 

1565 

1227) 

1420 

1206) 

Std.  Deviation 

56 

(8.1) 

Elong,  percent 

Avg 

16.0 

8.2 

Mm 

10.0 

3.8 

RA,  percent 

Avg 

36.1 

23.4 

26.8 

Min 

15.0 

7.4 

18.8 

No.  of  Spec.  (No.  of  Heats) 

3 (2) 

3 

(21 

82 

(7) 

E,  GN/m2  (106  psi) 

Avg 

(21.6) 

Min 

(18.5) 

No.  of  Spec.  (No.  of  Heats) 

82 

(7) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

1689 

(245) 

Kt  - 6.3 

Min 

1631 

(236.5) 

No.  of  Spec.  (No.  of  Heats) 

2 

(1) 

NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

No.  of  Spec.  (No.  of  Heats) 

Tension,  Transverse 

TUS,  MN/m2  (ksi) 

Avg 

1069  (155) 

1689 

(245) 

Min 

1069  (155) 

1689 

(245) 

Std.  Deviation 

TYS,  MN/m2  (ksi) 

Avg 

917  (133) 

1627 

(236) 

Min 

917  (133) 

1627 

(236) 

Std.  Deviation 

Elong,  percent 

Avg 

26.0 

12.0 

Min 

260 

12.0 

RA,  percent 

Avg 

36.0 

23.0 

Min 

36.0 

23.0 

No.  of  Spec.  (No.  of  Heats) 

1 (D 

1 

(1) 

E,  GN/m2  (10®  psi) 

Avg 

Mm 

No  of  Spec.  (No.  of  Heats) 

Poisson's  Ratio 

Work  Hardening  Coef 

NTS,  MN/m2  (ksi) 

Avg 

Kt- 

Min 

No.  of  Spec.  (No.  of  Heats) 

NTS,  MN/m2  (ksi) 

Avg 

K,  - 

Mm 

No  of  Spec.  (No.  of  Heats) 

Reference*:  49088.  901 17, 90185 


9.3.2-11  (11/76) 
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9.3.2-11.2(11/76) 


TITANIUM  ALLOY  [58024] 


FIGURE  9 3.2-ME3.  AXIAL  FATIGUE  LIFE  CURVES  FOR  WELDED  6AI-4V  (SOLUTION  TREATED  AND  AGED) 
TITANIUM  ALLOY  [TIG  welded;  parent  metal  filler)  [5802^] 


is>|  ‘ssaJiS 


9.3.2-11.4(11/76)  < •' 


TI-6AI-4V 


TABLE  9.3.1 -TR1 


Alloy  Designation:  Ti-6Al-4V  Alloy 


Specification: 

Form: 

Dimension: 

Condition: 

Annealed 

Testing  Temperature  K (F) 


Thermal  Conductivity 

Witts  m'1  K'1 
Btu  hr1  ft'1  F'1 

No,  of  Spec. 

References: 

Thermal  Expansion  (T^73  to  ~ 
Longitudinal 

Percent 

No.  of  Spec. 

References:  48570,  90223 

Specific  Heat 

Joule;  'tg'1  K’1 
Btu  lb*1  F-1 

No.  of  Spec. 

References: 


1-370)  20  (-423)  10 


Electrical  Resistivit 


Ohm  m 

Ohm  circular  mil  ft'1 
No.  of  Spec. 

References:  79561 


160  x 10  8 145  x 10'8  140  x 10'8 

(962)  1872)  (842) 

2 2 2 


7‘i  :< 


9.3.2-12(11/76) 


Temperature,  F 

-400  -300  -200  -100 


FIGURE  9.3.2-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR 

Ti-6  Ai-4  V ALLOY 


Electrical  Resistivity,  ohm  m xiO 


1000 


-450 


Temperature,  F 

-400 


-300  -200-100  32 


CO  100 


10 


1000 


100 


10 


10 


too 


300 


Temperature,  K 


FIGURE  9.3.2-RI.  ELECTRICAL  RESISTIVITY  VERSUS  TEMPERATURE 

FOR  Ti-6  Al-4  V ALLOY 


9.3.2-14(11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft' 


INDEX  TO  MATERIAL  CODES  FOR 
SECTION  10.0 


SPECIAL  METALS 


MATERIALS 


MATERIAL  CODE 


NIOBIUM 

10.1.1 

Nb3Sn 

10.1.2 

NIOBIUM-ZIRCONIUM  ALLOYS 

10.1.3 

TITANIUM-NIOBIUM  ALLOYS 

10.1.4 

V3Ga 

10.2.1 

MAGNESIUM  ALLOYS-AZ31B 

10.3.1 

*7 


10.0 


Nb-0.2Zr 


TABLE  10.1.3-TR1 

Alloy  Designation:  Nb-0.2Zr  Alloy 

f*-  ' ~~ 

Specification: 

Form: 

Dimension: 

Condition: 


Testing  Temperature  K (F) 

273  <S2) 

100  (280) 

50  (-370) 

20  (-423) 

10  (-442) 

4 (452) 

Thermal  Conductivity 
Watts  m'1  K-l 

Biu  hr  ’ ft*1  F-1 

No  of  Spec 

References:  90341 

Thermal  Expansion  <T?7-*  to  T) 
Longitudinal 

Percent 

No  o‘  Spec. 

References: 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 

No  of  Spec 

References: 

18.0(n><a) 

4.2(s)<b) 

(10.4(n» 

(2.43(s() 

1 

(a)  n Normal  state 

(b)  s Superconducting  state 


7.M* 


10  1.3-1  (11/76) 


Thermal  Conductivity 


Thermal  Conductivity,  Btu  hHfH  F 


Testing  Temperature  K (F) 


273 


132) 


Thermal  Conductivity 
Watts  m-1  K'1 

Btu  hr’1  ft'1  F-1 


No  of  Spec. 

References:  90341 


Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No.  ol  Spec. 

References: 


Specific  Heat 

Joules  kg‘t  K"^ 
Btu  lb-^ 

No.  of  Spec. 

References: 


100 


(-280) 


50 


370) 


20 


(-423) 


10 


(-442) 

B 

(452) 

17.0(n)<a) 

4.05(s)<b) 

(9.83(n)) 

(2.34(s)) 

1 


Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"^ 

No.  o‘  Spec. 

References. 


(a)  n Normal  state 

(b)  s Superconducting  state 


10.1.3-4  (11/76) 


TABLE  10.1.4-TR5 


V/ 


Alloy  Designation:  Nb-45Ti 


Specification: 

Form: 

Dimension: 

Condition: 


Testing  Temperature  K (F) 

273  (32) 

100  (-280) 

50  (-370) 

20  (423) 

10  (-442) 

4 (-452) 

Thermal  Conductivity 

Watts  m"1  K"1 
Btu  hr'^  ft*"*  F*1 

No  0*  Spec. 

References: 

Thermal  Expansion  (T?7-*  to  T) 
Longitudinal 

Percent 

No.  ol  Spec. 

References:  95168 

Specific  Heat 

Joules  kg'1  K ' 

Btu  lb'1  F-* 

No  of  Spec. 

References: 

E’ectrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 

No  ol  Spec 

References: 

0 

1 

-0.137 

1 

•0.163 

i 

-0.168 

1 

•0.169 

1 

-0.169 

1 

7.V  i 


10-1.4  13(11/76) 


Temperature 


TABLE  10.1.4-TR6 


Alloy  Designation:  Nb-48T» 


Specificatio 
' Form: 
Dimension: 
Condition: 


Testing  Temperature  K (F) 

273  (32) 

100  (280) 

50  (-370) 

20  (-423) 

10  (-442) 

4 (452) 

Thermal  Conductivity 

Watts  m'1  K"1 
Btu  hr'1  ft'1  F"1 

No  ot  Spec 

References: 

Thermal  Expansion  (T?7^  to  T) 
Longitudinal 

Percent 

No.  of  Spec. 

References:  95168 

Specific  Heat 

Joules  kg"1  K'1 
Btu  lb1  F'1 

No  of  Spec. 

References: 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft"1 

No.  of  Spec. 

References: 

0 

1 

-0.140 

1 

-0.163 

1 

0.171 

1 

-0.172 

1 

0.174 

1 

Temperoture, 


FIGURE  10.1. 4-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  Nb-48Ti  ALLOY 


. -Ju  . j «-. 


Dimension 

Condition: 


Testing  Temperature  K (F) 


Thermal  Conductivity 

Watts  m"1  K 1 
Btu  hr1  ft'1  F'1 

No  of  Spec. 

References: 

Thermal  Expansion  (T273  to  Tl 
Longitudinal 

Percent 

No.  O’  Spec 

References:  96878 


Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F"1 

No  of  Spec 

References:  96876 


18.96 

(4.529  x 10 


5.8l3(n) 

7.22  (s) 

[1.389  x 10  3(n) 
[1.73  x 10  3(s>] 

1 


1.914(n) 

0.196(s) 

[4.57  x lO-V 
(4,68  x 105<s) 

1 


Electrical  Resistivi 


Ohm  m 

Ohm  circular  mil  ft'1 

No  of  Spec. 

References:  96E79 


185  x 10*8 


149  x 10’8 


139  x 10 8 


132  x 10  8 


129  x 10‘8 


127  x 10  8 


(n)  Normal  State 

(s)  Superconducting  State 


10.2  1 1 (11/761 


Temperature , 


FIGURE  10.2.1-El.  THERMAL  EXPANSION  VERSUS  TEMPERATURE  FOR  V3Ga 


Specific  Heat,  joules  kg'1 


mmm 


Temperature,  F 


Temperature,  K 

FIGURE  10.2.1-SI.  SPECIFIC  HEAT  VERSUS  TEMPFRATURE  FOR 
V3Ga  - SUPERCONDUCTING  STATE 


10.2.1-3  (11/76) 


Specific  Heat,  Btu  lb  F 


Electrical  Resistivity,  ohm  m x 10 


10.2.1-6  (11/76) 


Electrical  Resistivity,  ohm  circular  mil  ft 


■ 


TABLE  10.3.1  TR1 


Alloy  Designation:  Magnesium  Alloy  AZ  31 -B 


Alloy  Designation: 
Specification: 

Form: 

Dimension,  cm(in.): 
Condition: 


Magnesium  Alloys  with  Al  and  Mn 

Not  given 
Not  given 

Quenched  from  475  C (887  F) 


Weight  Percent  Al 


FIGURE  10.3.1-MAt.  VALUES  OF  THE  MASS  SUSCEPTIBILITY,  Xcgsem,  FOR  SEVERAL 
TERNARY  AND  BINARY  ALLOYS  OF  MAGNESIUM.  THE  LOWER 
CURVE  IS  FOR  THE  BINARY  ALLOYS  WITH  ALUMINUM,  WHILE 
THE  UPPER  CURVE  REPRESENTS  THE  ADDITION  OF  A FIXED 
CONCENTRATION  OF  MANGANESE  OF  APPROXIMATELY  0.04 
WEIGHT  PERCENT  [96874] 


10.3.1-3(11/76) 


• 7o 


INDEX  TO  MATERIAL  CODES  FOR 
SECTION  11.0 

COMPOSITES 

MATERIALS  MATERIAL  CODE 

GLASS-EPOXY  11.1.0 

181/EPON  828  11.1.1 

1 581  /Li-787 (58-68R ) 11.1.2 

S-901/NASA  RESIN  2 11.1.3 

BORON-EPOXY  11.2.0 

4 MIL  BORON/2387  11.2.1 

5.6  MIL  BORON/2387  11.2.2 

GRAPHITE-EPOXY  11.3.0 

AS/NASA  RESIN  2 11.3.1 

HT-S/X-904  11.3.2 

BORON-ALUMINUM  11.4.0 

5.6  MIL  BORON/6061  Al  11.4.1 


11.0 


7 <; 


Glass-Epoxy 


TABLE  11.1.1-ME1 


Composite  Class:  Glass-Epoxy 

Specif  teat  ion : 

Layup:  Balance-weave  cloth  (57  x 54  count) 
Nominal  fiber  volume  fraction: 

Nominal  ply  thicknew:  0.264  mm  (0.010  in.) 


Type:  181/Epon828  (CL) 


Fiber:  S-994  with  MTS  finish 
Matrix:  Epon  828(CL) 

Nominal  density:  1.83  g/cm3  (0.066  lb  s/in.3) 
Comments: 


Testing  Temperature,  K (F) 
Tension,  Longitudinal  (0°)M 
TUS,  MN/m2  (ksi) 

References:  15 
E1(GN/m2(106psi) 

References:  15 
SE^,  MN/m2  (ksi) 
References:  15 
E2  GN/m2  (106  psi) 
References:  15 
TPL,  MN/m2  (ksi) 
References: 

Failure  Strain,  10'3 
References: 

Poisson's  Ratio 
References: 


NTS,  MN/m2  (ksi) 

Avg 

Kt  = 

Min 

References: 

NTS,  MN/m2  (ksi) 

Avg 

Kt“ 

Min 

References: 

Tension,  Transverse  (90°)^ 


TUS,  MN/m2  (ksi) 
References: 

Avg 

Min 

Ey,  GN/m2  (10®  psi) 
References: 

Avg 

Min 

SEi.MN/m2  (ksi) 
References: 

Avg 

Min 

E2,  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

Failure  Strain,  10'3 
References: 
Poisson's  Ratio 
References: 

Avg 

Min 

NTS.  MN/m2  (ksi) 

Avg 

Kt’ 

References: 

Min 

NTS,  MN/m2  (ksi) 

Avg 

(75) 

195 

(50) 

427 

(•320)  I 20 


634  (92)  676  (98) 


Avg  24.2  (3.51)  26.4  (3.83)  28.6  (4.15)  31.3  (4.54) 

Min 


Avg  152  (22)  138  (20) 

Min 


179  (26)  234  (34) 


Avg  17.1  (2.48)  17.0  (2.56)  17.0  (2.47)  18.2  (2.64) 

Min 


Kt-  Min 

References: 

(a)  Werp  direction  in  woven  cloth. 
(b|  Fifl  direction  in  woven  cloth,  | 


11.1.1  1 (11/76) 


Glass-Epoxy 


Composite  Class:  Glass-Epoxy Type:  181/Epon  828(CL) 


Specification: 

Layup:  Balance-weave  cloth  (57  x 54  count} 

Nominal  fiber  volume  fraction: 

Nominal  ply  thickness:  0.254  mm  (0.010  in.) 

Fatigue 

Load  orientation:  parallel  to  warp  or  fill 
Load  direction:  tension-tension 


Fiber:  S-994  with  HTS  finish 
Matrix:  Epon  828(CL) 

Nominal  density:  1 .83  g/cm^  (0.066  Ib/in^j 
Comments: 


1.0 

p 

r 

297  K (75  F) 

195  K (-108  F) 

0.8 

TUS=282  MN/m1 2 

TUS=430  MN/m2 

41  ksr 

60  ksi 

0.6 

- 

0.4 

- 

0.2 

Frequency  25 

Frequency  25  Hz 

“ R=(r)  K,  =1 

“ R = ( 1 ) K t = l 

Ref  :-(5 

Ref-15 

0 

1 1 J 1 L_1 

1 1 1 L 

(1)  Min.  load  5%  of  tus. 

FIGURE  1 1.1.1-ME1.  FATIGUE  LIFE  CYCLE  FOR  GLASS  EPOXY 


r-i 


i>  v* '' 


11.1.1-3  (11/76) 


TABLE  11.1.2-ME1 


Glass-Epoxy 


Composite  Class:  Glass-Epoxy 


Type:  1681/E-787  (S8-68R) 


Specif  lest  ion: 

Layup:  Balance-weave  ckith  (57  x 54  count) 
Nominal  fiber  volume  fraction:  0.63 
Nominal  ply  thickness:  0.216  mm  (0.0085  in.) 


Fiber:  S-901 
Matrix:  E-787  (58-68R) 

Nominal  density:  1.769  g/cm3  (0.064  Ib/ln.3) 
Comments: 


Testing  Temperature,  K (F) 

297 

(75) 

195 

(-108) 

77 

(-320) 

20 

(-423) 

4 (-452) 

Tension,  Longitudinal  (0°)M 
TUS.  MN/m2  (ksi) 

References:  18 

Avg 

Min 

634 

613 

(92) 

(89) 

793 

765 

(115) 

(111) 

999 

944 

(145) 

(137) 

951 

896 

(138) 

(130) 

E^,  GN/m2  (10®  psi) 
References:  18 

Avg 

Min 

22.7 

21.3 

(3.29) 

(3.18) 

24.1 

23.2 

(3.50) 

(3.37) 

26.8 

22.5 

(3.98) 

(3.26) 

29.4 

26.7 

(4.27) 

(3.88) 

SEj,  MN/m2  (ksi) 
References: 

Avg 

Min 

E2  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

Failure  Strain,  10'3 
References:  18 
Poisson's  Ratio 
References: 

Avg 

Min 

33.7 

32.5 

41.1 

40.3 

50.1 

48.5 

48.1 

45.0 

NTS,  MN/m2  (ksi) 
Kt=  3 
References:  18 

Avg 

Min 

489 

469 

(71) 

(68) 

607 

593 

(88) 

(86) 

786 

731 

(114) 

(106) 

813 

793 

(118) 

(115) 

NTS.  MN/m2  (ksi) 
K,= 

References: 

Avg 

Min 

Tension,  Transverse  (90°  )M 
TUS,  MN/m2  (ksi) 
References:  18 

Avg 

Min 

586 

558 

(85) 

(81) 

683 

620 

(99) 

(90) 

882 

862 

(128) 

(125) 

813 

806 

(118) 

(117) 

Ei.  GN/m2  (106  psi) 
References:  18 

Avg 

Min 

21.8 

21.6 

(3.17) 

(3.13) 

23.0 

22.5 

(3.34) 

(3.26) 

27.4 

26.6 

(3.97) 

(3.86) 

28.8 

27.8 

(4.18) 

(4.04) 

SEj,  MN/m2  (ksi) 
References: 

Av„ 

Min 

E2.  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

Failure  Strain,  10  3 
References:  18 
Poisson's  Ratio 

Avg 

Min 

33.0 

31.5 

39.6 

36.0 

46.4 

440 

44.5 

43.5 

References: 

NTS,  MN/m2  (ksi) 
*t- 

References:  18 

Avg 

Min 

469 

455 

(68) 

(66) 

558 

538 

(81) 

(78) 

689 

655 

(100) 

(95) 

723 

710 

(105) 

(103) 

NTS,  MN/m2  (ksi) 
Kt- 

References: 

Avg 

Min 

11.1.21 

(11/76) 

7o-i< 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 

Composite  Class:  Glass- Epoxy 


Specification: 

Lxyup:  Balance-weave  cloth  (57  x 54  count) 
Nominal  fiber  volume  fraction:  0.63 
Nominal  ply  thickness:  0.216  mm  (0.0085  In.) 


TABLE  11.1.2-ME2 
Type:  1581/E-787  (58^8R) 


Fiber:  S-901 
Matrix:  E-787  (58-88R) 

Nominal  density:  1.769  9/cm3  (0.064  lb/in.3) 
Comments: 


Testing  Temperature,  K (F) 


TABLE  11.1J2-TR1 

Glass-Epoxy 

Composite  Class:  Glass-Epoxy 

Type:  1581/E  787  (58-68R) 

Specification: 

Layup:  Balance-weave  cloth  (57  x 54  count) 
Nominal  fiber  volume  fraction:  0.63 
Nominal  ply  thickness:  0.216  mm  (0.0085  in.) 


Fiber:  S-901 
Matrix:  E 787  (58-68R) 

Nominal  density:  1.769  g/cm3  (0.064  lb/in.3) 
Comments: 


Avg  0,50 
Avg  0.29 


Avg  0.50 
Avg  0.29 


Avg  0.35 
Avg  0.20 


Avg  0 


Avg  0 


Testing  Temperature,  K (F) 


Thermal  Conductivity 

Longitudinal  (0°)**!  *^ 
Watts  m'1  K'1 
Btu  hr1  ft 1 F1 
References:  16 

Transverse  (90°)(bHD 
Watts  m’1  K'1 
Btu  hr1  ft 1 F-1 
References:  18 

Sheet  Normal*0!  ^ 
Watts  nr1  K 1 
Btu  hr  1 ft*1  F1 
References:  16 

Thermal  Expansion 

Longitudinal  (0°)*®! 
10^  AL/L 
References:  18 

Transverse  (90°)<W 
1(7®  A L/L 
References:  18 

Sheet  Normal*0! 

10-®  A L/L 
References: 

Specific  Heat 

Joules  kg'1  K’1  *1J 
Btu  lb  1 F’1 
References:  16 

Electrical  Resistivity 

Longitudinal  (0°)**! 
Ohm  m 
References: 

Transverse  (90°)*b! 

Ohm  m 
References: 

Sltetrt  Normal*0! 

Ohm  m 
References: 


(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cltoh. 

(c)  Press  cure  direction. 

(1)  Nominal  data  for  glass  cloth-epoxy. 


Avg  880 
Avg  2100 


11.1.2-3(11/76) 


{»}  Warp  direction  in  woven  cloth, 
(b)  Fill  direction  in  woven  cloth. 
(1)  Eitentiafly  lineer  to  frecture. 


Composite  Clan:  Glass-Epoxy 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.6 

Nominal  ply  thickness:  0.21  mm  <0.0083  in.) 


TABLE  1 1.1.3-ME2 
Type:  S-901/NASA  Re*in  2 


fiber:  S 901 
Matrix:  NASA  Reiin  2< 

Nominal  demity:  2.0  g/e m3  <0.07  Ib/irv5) 
Comment* : 


Testing  Temperature,  K <F) 


Compression,  Longitudinal  <0° ) W 

CUS,  MN/m2  <ksi)  Max 

Avg 

Min 

References:  8 

CPL,  MN/m2  (kii)  Max 

Avg 

Min 

Reference*:  8 

E.  GN/m2  (106  psi)  Avg 

Min 

References:  8 

Compression,  Transverse  (90° 

CUS.  MN/m2  (ksi)  Max 

Avg 

Min 

Reference*:  8 

CPL,  MN/m2  (ksi)  Max 

Avg 
Min 

References:  8 

E.GN/mZdOSsi)  Avg 

Min 

References:  8 
In-Plane  Shear 

SUS,  MN/m2  (ksi)  Avg 

Min 

References: 

SPL,  MN/m2  (ksi)  Avg 

Min 

References: 

G,  GN/m2  (10®  psi)  Avg 

Min 

References:  8 

Interlaminar  Shear 

SUS,  MN/m2  (ksi)  Avg 

Min 

References:  11 

SPL,  MN/m2  (ksi)  Avg 

Min 

References: 

G,  GN/m2  (106  psi)  Avg 

Min 

References: 

Impact.  Charpy  V(Cv),  lzod(l) 

Long.,(0J?J(fMb><8>  Avg 

Min 

References:  10 

Trans.,  (90°)  J (ft-lb)<b>  Avg 

Min 

References: 

Sheet,  Normal,  J (ft-lb)(c*  Avg 

Min 

References: 

(a)  Warp  direction  in  woven  cloth. 
;(b)  Fill  direction  in  woven  cloth, 
fc)  Press  cure  direction. 


297 

562 

(81.6) 

503 

(73.0) 

472 

(68.5) 

1648  (239) 
1356  (196) 
1034  (150) 

447  (64.8) 

313  (45.5) 

178  (25.8) 

63.6  (9.23) 

48.3  (7.00) 


311  (45.1) 

276  (40.1) 

234  (34.0) 


131  (19.0) 

114  (16.5) 

92  (13.4) 


22.8  (3.31) 

19.8  (2.87) 


1544  (224) 
1420  (206) 
1309  (190) 

380  (55.2) 

312  (45.2) 

243  (35.3) 


60.5  (8.77) 

53.8  (7.81) 


299  (43.4) 

262  (38.1) 

213  (30.9) 


31.3  (4.54) 

27.2  (3.95) 


11.0  (160) 


64.3  (9.33)  61.0  (8.84) 

58.3  ( 8.45)  58,3  (8.46) 


12.9  (1.87) 


91  (67){l) 


11.1.3-2(11/76) 


TABLE  11.1.3-TR1 

Gtsss-Epoxy 

Composite  Class:  Glass-Epoxy 

Type:  S-901 /NASA  Resin  2 

Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.6 

Nominal  ply  thickness:  0.21  mm  (0.0063  in.) 


Fiber:  S-901 

Matrix:  NASA  Resin  2<H> 

Nominal  density:  2.0  g/cm3  (0.07  Ib/tn  3) 
Comments: 


Testing  Temperature.  K (F) 


Thermal  Conductivity 

Longitudinal  (0a)M 
Watts  m'3  K1  Avg 

Btu  hr  1 fr1  F 1 Avg 

References: 

Transverse  (90°)<W 

Watts  m'1  K_1  Avg 

Btu  hr"1  ft'1  F"1  Avg 

References: 

Sheet  Normal^ 

Watts  m_1  K"1  Avg 

Bfei  hr  1 fr1  F'1  Avg 

References: 

Thermal  Expansion 

Longitudinal  (0°)k> 

1&6  4L/L  Avg  0 

References:  11 

Transverse  (90°  )Q>) 

10-6  a i_/i_  Avg  0 

Refeeitai:  11 

Sheet  Nor*«l<*l 

10-6  a L/L  Avg 

References. 

Specific  Heat 

Joules  kg'1  K1  Avg 

Btu  lb-1  F'1  Avg 

References: 

Electrical  Resistivity 

Longitudinal  (0°)^a^ 

Ohm  m Avg 

References: 

Transverse  (90°  )W 

Ohm  m Avg 

References: 

Sheet  Normal^) 

Ohm  m Avg 

References: 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cltoh. 

(c)  Press  cure  direction. 


11.1.3-3  (11/76) 


r 


iK. 

* r 


F 


Boron-Epoxy 


TABLE  11.2.1-ME1 


Composite  Class:  Boron-Epoxy 


Type:  4.0  mil  Boron/2387 


Specification:  5505/4 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction : 0.50 

Nominal  ply  thickness:  0.132  mm  (0  0052  in.) 


Fiber:  4.0  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  2.006  g/cm^  (0.0725  lb/in.3) 

Comments:  Specification  SP -272  essentially  equivalent  properties 
(4.0  mil  boron/PR-279) 


Testing  Temperature,  K (F) 

297 

(75) 

195  (-108) 

77 

(-320) 

20 

(-423) 

4 (-452) 

Tension,  Longitudinal  (Q°)W 
TUS,  MN/m2  (ksi) 
References:  1,  2,  3 

Avg 

Min 

1427 

1296 

(207) 

(188) 

1502 

1460 

(218) 

(212) 

1406 

(204) 

El,  GN/m2  (10®  psi) 
References:  3 

Avg 

Min 

206.8 

(30) 

220.6 

(32) 

227.5 

(33) 

S'  i.  MN/m2  (ksi) 
References: 

Avg 

Min 

E2  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL.MN/m2  (ksi)  {1) 
References: 

Avg 

Min 

Failure  Strain,  10'^ 
References:  4,  5 

Avg 

Min 

6.41 

6.26 

Poisson's  Ratio 

0.219 

References:  6 

NTS.  MN/m2  (ksi) 
Kt  = 

References: 

Avg 

Min 

NTS.  MN/m2  (ksi) 
Kf  = 

References: 

Avg 

Min 

Tension,  Transverse  (90° 
TUS.  MN/m2  (ksi) 
References:  1,  3 

Avg 

Min 

7.10 

62.0 

(10.30) 

(9.0) 

70.7  (10.25) 

65,2 

62.0 

(9.48) 

(9.0) 

48.3 

(7.00) 

Et.  GN/m2  (10®  psi) 
References:  3,4,5 

Avg 

Min 

20.3 

18.6 

<2.95) 

(2.70) 

32.4 

(4.7) 

34.5 

(5.0) 

SEi,  MN/m2  (ksi) 
References: 

Avg 

Min 

E2.  GN/m2  (106  psi) 
References: 

Avg 

Min 

TPL,  MN/m2  (ksi) 
References:  4,  5 

Avg 

Min 

23.4 

(3.4) 

Failure  Strain,  10-* 
References:  4,5 

Avg 

Min 

4.49 

4.10 

Poisson's  Ratio 

0,032 

References:  6 

NTS.  MN/m2  (ksi) 
Referenees: 

Avg 

Min 

112.1  1 

11/76) 

NTS,  MN/m2  (ksi) 
K,  - 

Avg 

Min 

7? 

References: 

fa)  Warp  direction  in  woven  cloth, 
(b)  Fill  direction  in  woven  cloth. 
(1)  Essentially  linear  to  fracture. 


Composite  Class:  Bor  on -Epoxy 


Specification:  6606/4 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.50 

Nominal  ply  thickness:  0.132  mm  (0.0062  in.) 


Testing  Temperature,  K (F) 


Compression,  Longitudinal  <0°)'*l 


TABLE  11,2.1  ME2 
Type:  4.0  mil  Boron/2387 


CUS.  MN/m2  (ksi) 

Ma 

Av 

Mi 

References:  3,  4,  5 

CPL,  MN/m2  (ksi) 

Ma 

Av 

Mi 

References:  4, 5 

E,  GN/m2  (10®  psi) 

Av 

Mi 

References:  3, 4, 5 

Compression,  Transverse  (90°)^ 

CUS,  MN/m2  (ksi) 

References:  3, 4,  5 
CPL,  MN/m2  (ksi) 

References:  4 
E,GN/m2  (106  psi) 
References:  3, 4 

In-Plane  Shear 


SUS,  MN/m2  (ksi) 
References:  4 

SPL.  MN/m2  (ksi) 
References: 

G,  GN/m2  (10®  psi) 
References:  4 

Interlamirv./  Sb'jar 


2495 

(362) 

2456 

(356) 

1820 

(264) 

1530 

(222) 

206 

(30) 

193 

(28) 

310 

(45) 

283 

(41) 

255 

(37) 

100 

(14.5) 

22.4 

(3.25) 

20.6 

(3.00) 

131 

(18.95) 

129 

(18.70) 

6.41 

(0.93) 

SUS.  MN/m2  (ksi) 
References:  1,2,3 

Avg 

Min 

95.1  '13.8) 

90.3  (13.1) 

SPL,  MN/m2  (ksi) 
References: 

Avg 

Min 

G.  GN/m2  (10®  psi) 
References: 

Avg 

Min 

Impact,  Charpy  V(Cv),  Izod(l) 

Long.,  <0°>J(ft-lb)<8> 
References: 

Avg 

Min 

Trans.,  (90°)  J (ft  lb)<b> 
References: 

Avg 

Min 

Sheet,  Normal,  J (ft  lb)lc} 
References : 

Avg 

Min 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 

(c)  Press  cure  direction. 

Fiber:  4.0  mil  boron  On  tungsten 
Matrix:  2387 

Nominal  density:  2.006  ®/cm*  (0.0725  H»/in3) 

Comments:  Specification  SP-272  esssntailty  equivalent  properties 
(4.0  mil  boron/PR-279) 


RK3I! 


rail 


3026  (439)  3736  (542) 


227  (33)  214  (31) 


524  (76) 


40.0  (5.80) 


120  (17.5)  138  (20) 


11.2.1-2(11/76} 


/TUS 


Boron -Epoxy 

Composite  Class;  Boron-Epoxy Type:  4.0  mil  Boron/2387 

O Specification:  5505/4 
Layup:  Uniaxial  tape 
Nominal  fiber  volume  fraction:  0.50 
Nominal  ply  thickness:  0.132  mm  (0.0052  in.) 

Fatigue 

Load  orientation:  0°  (uniaxial) 

Load  direction:  tension-tension 


Fiber:  4.0  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  2.006  g/cm^  (0.0725  lb/in.3) 

Comments:  Specification  SP-272  essentially  equivalent 
properties  (4.0  mil  boron/PR -279) 


0.6  h- 


z 

CO 


0.4  h- 


0.2 


TUS  = 1296  MN/m2  (188  ksi) 
Frequency  30  - 2900  Hz 
R = 0.1  Kt  = I 
Ref:  -6 


Ol 


10' 


I0‘ 


to3  I04 

Fatigue  Cycles 


I05 


106 


I07 


FIGURE  1 1.2.1-ME1.  FATIGUE  LIFE  CYCLE  FOR  BORON-EPOXY 


11.2.1-3  (11/76) 


TABLE  112.1-TR1 


Composite  Class:  Boron-Epoxy 


Type:  4.0  mil  Boron/2387 


Specification:  5505/4 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.50 

Nominal  ply  thickness:  0.132  mm  (0.0052  in.) 


Fiber:  4.0  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  2.006  g/cm^  (0.0725  lb/in.3) 

Comments:  Specification  SP-272  essentially  equivalent  properties 
(4.0  mil  boron/PR-279) 


Testing  Temperature,  K IF) 

297  (75) 

195  (-108) 

77 

Thermal  Conductivity 
Longitudinal  (03)^*) 

Watts  m 1 K 1 

Avg  | 

1.82 

1.61 

1.55 

Btu  hr  1 ft'1  F 1 
References:  1,3 

Avg] 

1.05 

0.93 

0.89 

Transverse  (90°)fb) 

Watts  m"1  K'1 

Avg  1 

1.04 

0.86 

0.43 

Btu  hr 1 ft 1 F1 
References:  3 

Avg  | 

0.6 

0.5 

0.27 

Sheet  Normal^ 

Watts  m 1 K1 

Avg 

0.68 

0.60 

0.40 

Btu  hr  1 ft 1 F'1 
References:  1 ,3 

Avg 

0.39 

0.35 

0.23 

Thermal  Expansion 
Longitudinal  (0°)^ 

10  ® A L/L 
References:  1,3 

Avg 

0 

-300 

-460 

Transverse  (90°)(b) 

10-®  A L/L 
References:  1.3 

Avg 

0 

-1800 

-2700 

Sheet  Normal^ 

10  6 A L/L 
References:  3 

Avg 

0 

-1600 

-"800 

Specific  Heat 

Joules  kg'1  K 1 

Avg 

1150 

700 

325 

Btu  lb1  F'1 
References:  1,3 

Avg 

2740 

1670 

776 

Electrical  Resistivity 
Longitudinal  (0°)M 

Ohm  m 
References: 

Avg 

Transverse  (90°)(b> 

Ohm  m 
References: 

Avg 

Sheet  Normal^ 

Ohm  m 

References:  1 

Avg 

109 

(a)  Warp  direction  in  woven  cloth.  | 

(b)  Fill  direction  in  woven  cltoh. 

(-3201 


20 


(•423)  1 £_ 


L*52l 


(c)  Press  cure  direction. 


7? 
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TABLE  11.2.2  ME1 


Compoiite  Class:  Boron- Epoxy 


Type:  5.6  mil  Boron/2387 


O 


Specification:  5505/5.6 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.50 

Nominal  ply  thickness:  0.1905  mm  (0.0075  in.) 


Fiber : 5.6  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  1.94  g/cm3  (0.07  lb/in.3) 

Comments:  Specification  SP-296  essentially  equivalent  properties 
(5.6  mil  Boron/PR  286) 


L 


Testing  Temperature,  K (F) 


Tension,  Longitudinal  (0°)la) 

TUS,  MN/m2  (ksi) 

Refarences:  7 

El,GN/m2  (10®  psi) 

References:  7 

SEj,  MN/m2  (ksi) 

References: 

E2  GN/m2  (10®  psi) 

References: 

TPL,  MN/m2  (ksi)  W 

References: 

Failure  Strain,  10‘3 

References:  7 

Poisson’s  Ratio  0.228 

References:  7 

NTS,  MN/m2  (ksi) 

Kt  = 

References: 

NTS,  MN/m2  (ksi) 

*t- 

References: 

Tension,  Transverse  (90° ) l®) 

TUS,  MN/m2  (ksi) 

References:  7 
Ev  GN/m2  (10®  psi) 

References:  7 
SEj,  MN/m2  (ksi) 

References: 

E2,  GN/m2  (10®  psi) 

References: 

TPL,  MN/m2  (ksi)<1} 

References:  7 
Failure  Strain,  10'3 
References:  7 
Poisson’s  Ratio 
References:  7 
NTS.  MN/m2  (ksi) 

Kf 

References: 

NTS.  MN/m2  (ksi) 

Kt» 

References: 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 
(1)  Essentially  linear  to  fracture. 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


297 

(75) 

195  (-108) 

77 

(-320) 

20  (-423) 

4 

(-452) 

1630 

(237) 

1680 

(243) 

1820 

(263) 

1580 

(229) 

1610 

(234) 

1770 

(257) 

231 

(33.5) 

233 

(33.9) 

238 

(34.5) 

227 

(32.9) 

229 

(33,2) 

234 

(34.0) 

7.3 

8.0 

8.0 

7.0 

7.0 

8.0 

0.228 

0.241 

0.239 

47.0 

(6.81) 

49.0 

(7.09) 

41.4 

(6.01) 

43.4 

(6.29) 

45.2 

(6.56) 

30.3 

(4.40) 

17.5 

(2.54) 

31.2 

(4.53) 

35.8 

(5.19) 

16.3 

(2.36) 

28.9 

(4.19) 

33.9 

(4.92) 

34.4 

(4.99) 

24.2 

(3.50) 

2.7 

1.5 

1.2 

2.0 

1.0 

1.1 

0.017 

0.033 

0.034 

11.2.2  1 
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TABLE  11-2JTME2 


Composite  Class:  Boron-Epoxy 


Type:  5.6  mil  Boron/2387 


Specification:  5505/5.6 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.50 

Nominal  ply  thickness:  0.1905  mm  (0.0075  in.) 


Fiber:  5.6  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  1.94  g/cm2  (0.07  lb/in.3) 

Comments:  Specification  SP-296  essentially  equivalent  properties 
(5.6  mil  Boron/PR  286) 


Tatting  Temperature,  K (F) 


Compression,  Longitudinal  (0°)<a! 
CUS,  MN/m2  (ksi) 


References: 
CPL,  MN/m2  (ksi) 


Max 

Avg 

Min 


Max 

Avg 

Min 


References: 
E,GN/m2(106psi) 

References:  8 

Compression.  Transverse  (90°)(W 


Avg 

Min 


CUS,  MN/m2  (ksi) 

References:  8 
CPL,  MN/m2  (ksi)(1J 

References:  8 
E,  GN/m2  (106  pSi) 
References:  8 
In-Plane  Shear 
SUS,  MN/m2  (ksi) 
References: 

SPL,  MN/m2  (ksi) 
References: 

G.  GN/m2  ( 1 0®  psi) 
References:  7, 8 
Interlaminar  Shear 
SUS,  MN/m2  (ksi) 
References: 

SPL.  MN/m2  (ksi) 
References: 

G,  GN/m2  (106  ,ni) 
References: 


Max 

Avg 

Min 


Max 

Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Impact,  Charpy  V(Cv),  lzod(l) 
Long..  (0°)J(ft-lb)W  Avg 


References: 

Trans.,  (90’)  J (ft-lb)(bl 
References: 

Sheet,  Normal,  J (ft-lb)^ 
References. 


Min 


Avg 

Min 


Avg 

Min 


7<-y  • ^ (a)  Warpdirection  in  woven  cloth. 
■ * '(b)  Fill  direction  in  woven  cloth, 

(c)  Press  cure  direction. 

(1)  Essentially  linear  to  fracture. 


297  (75) 


214  (31) 


223 

192 

141 


97.2 

71.6 

39.5 


19.3 

13.3 


(32.3) 
(27.9) 
(20.5) 

(14.1) 

(10.4) 
(5.7) 

(2.80) 

(2.02) 


4.72 

4.24 


(0.68) 

(0.62) 


195  (-108) 


77 


(-320) 


228  (33) 


456  <66  J2) 

357  (54.5) 

180  (26.1) 

338  (49.0) 

241  (35.0) 

166  (2*  •< 

39.2  (5.69) 

37.7  (5.46) 


20 


I*  ?]. 


9.19  (1.33) 

8.82  (1.28) 


11.2.2-2(11/76) 


(-452) 


3660  (531) 
2723  (395) 


241  (35) 


452  (65.5) 

427  (62.0) 

408  (59.2) 


40.3  (5.85) 

37.8  (5.49) 


9.28 

9.09 


(1.35) 

(1.32) 


V, 


Boron-Epoxy 


TABLE  1 1.2.2  Tfil 


Composite  CIm:  Boron-Epoxy 


Typo:  6.6  mil  Boron/2387 


Specification:  6606/6.6 
Layup:  Uniaxial  tap* 

Nominal  fiber  volume  fraction : 0,50 
Nominal  ply  ttrkknea:  0.1906  mm  (0.0075  in.) 


Fiber:  6.6  mil  boron  on  tungsten 
Matrix:  2387 

Nominal  density:  1.94  g/cm^  (0.07  Ib/in  “) 

Comments:  Specification  SP-296  essentially  equivalent  properties 
(6.6  mil  Bor  on /PR  286) 


Testing  Temperature,  K (F) 

297  (75) 

195  (-108) 

77  (-320) 

20  (-423) 

4 (-452) 

Thermal  Conductivity 

Longitudinal  (0°)  W 
Watts  m1  K 1 
Btu  hr1  It1  F’1 
References:  9 

11 

1.02 

0.59 

1.11 

0.64 

0.913  (82  K) 
0.528  (82  K) 

0.178  (7.8  K) 
0.103  (7.8  K) 

Transverse  OC0)^) 
Watts  m'1  K'1 
Btu  hr'1  ft 1 F1 
References:  9 

Avg 

Avg 

0.581 

0.336 

0.553 

0.320 

0.466  (86.7  K) 
0.269  (86.7  K) 

0.174  (1m.7  K) 
0.100  (14.7  K) 

Sheet  Normal^) 
Watts  m_1  K 1 
Btu  hr'1  ft'1  F'1 
References: 

Avg 

Avg 

Thermal  Expansion 

Longitudinal  (0°)M 
10"®  AL/L 
References: 

Avg 

Transverse  (90°)^*) 
10‘6  A L/L 
References: 

Avg 

Sheet  Normal^ 
10‘®  A L/L 
References: 

Avg 

Specific  Heat 

Joules  kg'1  K 1 
Btu  lb1  F"1 
References: 

Avg 

Avg 

Electrical  Resistivity 

Longitudinal  (0°)^®) 
Ohm  m 
References: 

Avg 

Transverse  (90°)^ 
Ohm  m 
References: 

Avg 

Sheet  Normal^) 
Ohm  m 
References: 

Avg 

(a)  Warp  direction  in  woven  cloth. 

(b>  Fill  direction  in  woven  cltoh. 
(c)  Press  cure  direction. 


n 

*\r 


TABLE  11.3,1-MEI 


Graphite- Epoxy 


Composite  Class:  Graphite-Epoxy 


Type:  AS/NASA  Resin  2 


Specif  text  ion: 

Layup;  Uniaxial  tapa 

Nominal  fibar  voluma  fraction:  0.6 

Nominal  ply  thickness:  0.207  mm  (0.008  in.) 


Fibar;  Typa AS graphite 

Matrix:  NASA  Resin  2*'1 

Nominal  density:  1.52  g/cm3  (0.055  lb/in.3) 

Comments: 


Tatting  Tamparatura,  K (F) 


297  (75) 

195  (-108) 

77  ( 320) 

20  (-423) 

4 (-452) 

1300  (190) 

1230  (178) 

1300  (190) 

1190  (173) 

1213  (176) 

1260  US3) 

117  (17.0) 

101  (14.7) 

116  (16.9) 

112  (16.3) 

94  (13.6) 

107  (15.5) 

9.3 

9.3 

9.0 

9.0 

9.0 

9.0 

0.347 

0.299 

0.340 

12.8  (1.86) 

2.44  (0.354) 

3.04  (0.441) 

10.1  (1.47) 

1.62  (0.235) 

2.37  (0.344) 

7.79  (1.13) 

10.90  (1.58) 

11.25  (1.63) 

7.10  (1.03) 

9.65  (1.40) 

10.34  (1.50) 

2.0 

0.2 

0.3 

2.0 

0.2 

0.2 

0.022 

0.030 

0.029 

11.3.1  1 
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Tension,  Longitudinal  (0°)*al 
TUS.  MN/m2  (ksi) 

References:  8 

E),  GN/m2  (10®  psi)  *2> 

References:  8 

SEt.MN/m2  (kii) 

References: 

E2  GN/m2  (10®  psi) 

References: 

TPL.  MN/m2 

Reference*: 

Failure  Strain.  10"3 

Rafarencas:  8 

Poisson's  Ratio 

References:  8 

NTS,  MN/m2  (ksi) 

Kt  = 

References: 

NTS,  MN/m2  (ksi) 

Kt  = 

References: 

Tension,  Transverse  (90°  )M 
TUS,  MN/m2  (ksi) 

References:  8 
t i,  GN/m2  (10®  psi) 
References:  8 
SE^,  MN/m2  (ksi) 
References: 

E2.  GN/m2  (10®  psi) 
References: 

TPL,  MN/m2  (ksi)*1* 
References: 

Failure  Strain,  10  3 
References:  8 
Poisson's  Ratio 
References:  8 
NTS,  MN/m2  (ksi) 

Kf 

References: 

NTS,  MN/m2  (ksi) 

Kt* 

References: 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


76> 


(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 

(1)  Essentially  linear  to  fracture. 

(2)  Secondary  modulus  detected  7 14  GN/m2  (1-2  x 10®)  higher. 


TABLE  11.3.1  ME2 


7S  •• 

i——- 


Composite  Class:  Graphite-Epoxy 


Type:  AS/NASA  Resin  2 


Specification: 

Layup:  Uniaxial  tape 

Nomina!  fiber  volume  fraction:  0.6 

Nominal  ply  thickness:  0.207  mm  (0.008  in.) 


Fiber:  Type  AS  graphite 

Matrix:  NASA  Resin  , 

Nominal  density:  1.62  g/cm3  (0.066  lb/in.3) 

Comments: 


Testing  Temperature,  K <F) 

297 

(75)  | 

195  (-108) 

77 

(-320) 

20  (-423)  1 

4 

(452) 

Compression,  Longitudinal  (O0)^ 

CUS,  MN/m2  (ksi) 

Max 

561 

(81.2) 

1229 

(178) 

883 

(128) 

Avg 

531 

(77.0) 

897 

(130) 

694 

(100) 

Min 

496 

(71.9) 

668 

(97) 

600 

(87) 

References:  8 

CPL,  MN/m2  (ksi) 

Max 

356 

(51.5)  i 

504 

(73.1) 

377 

(64.7) 

Avg 

283 

(41.0)  I 

450 

(65.4) 

374 

(64.2) 

Min 

225 

(32.6) 

395 

(57.3) 

370 

(53.7) 

References:  8 

E,  GN/m2  (10®  psi) 

Avg 

129 

(18.7) 

122 

(17.7) 

125 

(18.1) 

Min 

125 

(18.1) 

110 

(16.0) 

124 

(18.0) 

References:  8 

Compression,  Transverse  (90°)^ 

CUS,  MN/m2  (ksi) 

Max 

104 

(16.1) 

151 

(21.9) 

150 

(21.8) 

Avg 

89 

(12.8) 

136 

(19.8) 

130 

(19.0) 

Min 

71 

(10.3)  i 

125 

(18.1) 

100 

(14.4) 

References:  8 

CPL,  MN/m2  (ksi) 

Max 

116 

(16.8) 

72 

(10.5) 

Avg 

95 

(13.8) 

68 

(9.8) 

Min 

80 

(11-5) 

65 

(9.4) 

References:  8 

E,  GN/m2  HO®  psi) 

Avg 

11.0 

(1.59) 

15.3 

(2.21) 

16.1 

(2.34) 

Min 

10.8 

(1.57) 

13.1 

(1.89) 

14.4 

* '.09) 

References:  8 

i 

J 


In-Plane  Shear 


SUS,  MN/m2  (\si) 
References:  7 

SPL,  MN/m2  (ksi) 
References: 

G,  GN/m2  (10®  psi) 
References: 
Interlaminar  Shear 

Avg 

Min 

Avg 

Min 

Avg 

Min 

SUS,  MN/m2  (ksi) 

Avg 

Min 

References: 

SPL,  MN/m2  (ksi) 

Avg 

Min 

References: 

G,  GN/m2  (10®  psi) 

Avg 

Min 

References: 

Impact,  Charpy  V(Cv),  l*od(l) 
Long.,  (0°)  J (ft-lb)M 
References: 

Trans.,  (90°)  J (ft-lb)(b) 
References: 

Sheet,  Normal.  J <ft  lb)<c> 
References: 


Avg 

Min 


Avg 

Min 


Avg 

Min 


(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 

(c)  Press  cure  direction. 


4.14  (0.60) 


4.48  (0.65) 


11.3.1-2  (11/76) 


5.30  (0.77) 


Graphite  Epoxy 


TABLE  11.3.2-ME1 


ft 


Composite  Class:  Graphite-Epoxy 


Type:  HT-S/X-904 


Specif  icat  km: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.60 

Nominal  ply  thickrvrss:  0,127  mm  (0.005  in.) 


Fiber:  HT-S 
Matrix:  X-904 

Nominal  density:  1.65  g/cm3  (0.0595  Ib/in .3) 
Comments: 


Testing  Temperature,  K (F) 


195  (-108) 

E9BSSI 

20  (-423) 

4 (-452) 

1296  (188) 

1013  (147) 

138  (20.0) 

140  (20.3) 

9.0 

7.3 

0.32 

0.35 

16.5  (2.4) 

?4.1  (3.5) 

7.86  (1.14) 

10.96  (1.59) 

2.0 

2.1 

0.01 

0,02 

11.32  1 

(11/76) 

7!S  .< 

TUS.  MN/m2  (kai) 

Avg 

Min 

References:  1 

Et.GN/m2  (10®  psi) 

Avg 

Min 

References:  1 

SEj.MN/m2  (ksi) 

Avg 

Min 

References: 

Ez  GN/m2  (10®  psi) 

Avg 

Min 

References: 

TPL,  MN/m2  (ksi) 

Avg 

Min 

References: 

Failure  Strain,  10'3 

Avg 

Min 

References:  1 

Poisson's  Ratio 

References:  i 

NTS,  MN/m2  (ksi) 

Avg 

*t  = 

References: 

Min 

NTS,  MN/m2  (ksi) 

Avg 

Kt« 

References: 

Min 

Tension,  Transverse  (90°  )M 
TUS,  MN/m2  (ksi) 

Avg 

Min 

References:  1 

E-j.GN/m2  (10®  psi) 

Avg 

Min 

References:  1 

SE  MN/m2  (ksi) 

Avg 

Mir 

References: 

E2.GN/m2  (10®  psi) 

Avg 

Min 

References: 

TPL,  MN/m2  (ksi) 

Avg 

Min 

References: 

Failure  Strain.  10‘3 

Avg 

Min 

References:  1 

Poisson's  Ratio 

References:  1 

NTS,  MN/m2  (ksi) 

Avg 

References : 

Min 

NTS.  MN/m2  (ksi) 

Avg 

Kt« 

References: 

Min 

(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  ir  ..oven  cloth. 


TABLE  11.3.2-ME2 


Composite  Claas:  Graphite-Epoxy 


Type:  HT-S/X-904 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.60 

Nominal  ply  thickness:  0.127  mm  (0.006  in.) 


Fiber:  HT-S 
Matrix:  X 904 

Nominal  density:  165  s/cm3  (0,0595  lb/in.3) 
Comments: 


Testins  Temperature,  K (F) 


Compression.  Longitudinal  (0°)(*) 

CUS,  MN/m2  (ksi) 

Max 

Avg 

Min 

References:  1 

CPL.  MN/m2  (ksi) 

Max 

Avg 

Min 

References: 

E,  GN/m2  (10&  psi) 

Avg 

Min 

Reference*:  1 

Compression.  Transverse  (90°  )W 


CUS,  MN/m2  (ksi) 

References:  1 

CPL,  MN/m2  (ksi) 

References: 

E,  GN/m2  (106  psi) 
References:  1 

In-Plane  Shear 
SUS.  MN/m2  (ksi) 
References: 

SPL.  MN/m2  (ksi) 
References: 

G,  GN/m2  (TO6  psi) 
References: 
Interlaminar  Shear 
SUS.  MN/m2  (ksi) 
References:  1 


Max 

Avg 

Min 


Max 

Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


297  (75) 


195  (-108) 

77  (320) 

20  (-423) 

4 (-452) 

787  (114) 


136  (19.8) 


150  (21.8) 


10.4  (1.51) 


95.8  (13.9) 


1371  (199) 


128  (18.6) 


253  (36.7) 


17.2  (2.50) 


120  (17.4) 


SPL,  MN/m2  (ksi)  Avg 

Min 

References: 

G.  GN/m2  (106  psi)  Avg 

Min 

References: 

Impact,  Charpy  V(Cv),  Izod(l) 

Long.,  (0°)  J (ft-lb)(*)  Avg 

Min 

References: 

Trans.,  (90°)  J (ft  lb)<b)  Avg 

Min 

References: 

Sheet,  Normal,  J (ft-lb)^  Avg 

Min 

References: 

(a)  Warp  direction  ii  woven  elot'i. 

(b)  Fill  direction  in  wi'ven  cloth. 

(c)  Pres*  cure  direction. 


11.3.2  2(11/76) 


TABLE  11.3.2  TR1 


Graphite- Epoxy 


Composite  Clan:  Graphite-Epoxy Type:  HT-S/X-904 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.60 

Nominal  ply  thickness:  0.127  mm  (0.905  in.) 

Fiber:  HT-S 
Matrix:  X-904 

Nominal  density : 1 .65  g/cm ® (0.0595  Ib/in.^) 
CommenU: 

Testing  Temperature,  1C  (F) 

29 7 175) 

195  1-108) 

77  (-320) 

20  M23> 

4 (-452) 

Thermal  Conductivity 

Longitudinal  (0°)M 
Watts  nr1  K * 

Btu  hr*  ft 1 F * 
References:  1 

Avf 

Avt 

13.55 

7.83 

11.50 

6.64 

4.30 

2.48 

Transverse  (90°)^ 
Watts  so1  K* 
Btu  hr*  ft  * F-* 
Refer  wees:  1 

A* 

Aas 

0.660 

0.381 

0.505 

0.291 

0.267 

0.154 

Sheet  Normal^ 
Watts  nr*  K * 
Btu  hr*  ft  * F-* 
References. 

Avg 

Avg 

Thermal  Expansion 

Longitudinal  (0°)M 
10  ® AL/L 
References:  1 

A«S 

0 

+13.9 

+41.6 

Transverse  {90°)*®) 
10  ® A L/L 
References:  1 

Avg 

0 

-1270 

-2500 

Sheet  Normal^ 
10-®  a l/L 
Raferences: 

Avg 

Specific  Heat 

Joules  kg'1  K* 
Btu  lb  * F * 
References:  1 

Avg 

Avg 

890 

2125 

629 

1492 

304 

726 

Electrical  Resistivity 

Longitudinal  (0°)(a) 
Ohm  m 
References:  1 

Avg 

0.370* 

0.4  90* 

Transverse  (90°)^ 
Ohm  m 
References:  1 

Avg 

190 

220 

Sheet  Normal 
Ohm  m 
References:  1 

Avg 

1600 

1900 

1 

la)  War p direction  in  woven  cloth. 

(b)  Fill  direction  in  wovjo  cltoh. 

(c)  Press  cure  direction. 

* Electrical  resistivity  in  fiber  direction  strongly  affected  by  fiber  volume,  fiber  distribution  and  moisture  content  of  composite. 
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TABLE  11.4.1-ME1 


\y 


Composite  Class:  Boron-Aluminum 


Type;  6.6  mil  Boron/6061 


Specification: 

Layu.i:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.47 

Nominal  ply  thickness:  0.180  mm  {0.007  in.) 


Fiber:  5.6  mil  boron  on  tungsten 
Matrix:  6061  Aluminum 
Nominal  density:  2.66  g/cm3  (0.096  lb/in.3} 
Comments:  F Temper,  diffusion  bonded 


Testing  Temperature,  K { F) 


Tension,  Longitudinal  (0°)M 
TUS.  MN/m2  (ksi) 
References:  6,  7 
E-j.GN/m2  ( 10®  psi) 
References:  6, 7 
SEi.MN/m2  (ksi) 

References; 

E2  GN/m2  (10®  psi) 

References: 

TPL.MN/m2  (ksi)<1) 

References: 

Failure  Strain,  10'3 

References:  6,  7 

Poisson's  Ratio 

References:  6, 7 

NTS,  MN/m2  (ksi) 

Kt  = 

Refer  an  ces: 

NTS,  MN/m2  (ksi) 

Kt  = 

References: 

Tension.  Transverse  (90  ) 
TUS,  MN/m2  (ksi) 
References:  6,  7 
E1#  GN/m2  (106  psi) 
References:  6,7 
SE-,,  MN/m2  (ksi) 
References: 

E2,  GN/m2  (10®  psi) 
References: 

TPL,  MN/m2  (ksi) 
References:  6,  7 
Failure  Strain,  10'3 
References:  6,  7 
Poisson's  Ratio 
References:  6,7 
NTS.  MN/m2  (ksi) 

Kt» 

References: 

NTS,  MN/m2  (ksi) 

*t* 

References: 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Ava 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


Avg 

Min 


(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 
(1)  Essentially  linear  to  fracture. 
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195  (-108) 

77 

20  (-423) 

4 

(-452) 

1310 

(190) 

1630 

(237) 

1806 

(233) 

1206 

(175) 

1585 

(230) 

1496 

(217) 

205 

(29.8) 

196 

(28.5) 

204 

(29.5) 

194 

(28.1) 

186 

(27.0) 

191 

(27.7) 

6.20 

7.75 

7.75 

6.00 

1 

7.00 

7.00 

0.29 

0.34 

0.34 

163 

(23.6) 

244 

(35.4) 

276 

(40.0) 

145 

(21.1) 

229 

(33.2) 

273 

(39.6) 

156 

(22.6) 

123 

(18.5) 

150 

(21.8) 

138 

(20.0) 

100 

(14.6) 

118 

(17.1) 

66.2 

(9.6) 

76.0 

(11.0) 

72.1 

(10.5) 

53.7 

(7.8) 

64,8 

(9.4) 

50.3 

(7.3) 

6.3 

8.3 

8.7 

4.9 

8.0 

8.0 

0.22 

0.22 

0.25 
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TABLE  11.4.1-ME2 


Composite  Class:  Boron-Aluminum 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.47 

Nominal  ply  thickness:  0.180  mm  (0.007  in.) 


Type:  5.6  mil  Boron/6061 


Fiber:  5.6  mil  boron  on  tungsten 
Matrix:  6061  Aluminum 
Nominal  density  : 2.66  ft/cm 3 (0.095  Ib/in.3) 
Comments:  F Tamper,  diffusion  bonded 


Testing  Temperature,  K (F) 


Compression,  Longitudinal  (0°)'8' 
CUS,  MN/m2  (ksi)  W Ma> 


References:  8, 12, 13 
CPL,  MN/m2  (ksi)<2) 


Max  2475  (359) 
Avg  1980  (287) 
Min  1455  (211) 


3260  (473) 
2900  (421) 
2600  (377) 


E GN/m2<106psi)<V3>  Avg  (228)  (33) 

Min 

References:  6 

Compression,  Transverse  (9UJ)(5) 

CUS,  MN/m2  (ksi)W  Max  321  (46.6 


References:  8,  12, 13 
CPL,  MN/m2  (ksi)(1) 


References:  8 

E,  GN/m2  (106psi){1) 
References:  8, 12, 13 

In-Plane  Shear 
SUS,  MN/m2  (ksi) 
References:  12 

SPL.  MN/m2  (ksi) 


Max  321  (46.6) 

Avg  275  (39.8) 

Min  249  (36.1) 


Max  59.4  (8.61) 

Avg  57.7  (8.37) 

Min  54.9  (7.97) 


Avg  150  (21.8) 

Min  107  (15.5) 


Avg  155  (22.5) 

Min  89  (12.9) 


656  (95.1) 

623  (90.3) 

582  (54,5) 


113  (16.4) 

108  (15.7) 

101  (14.6) 


101  (14.6) 

90  (13.0) 


G.  GN/m2  (10®  psi) 
References:  12 

Interlaminar  Shear 
SUS,  MN/m2  (ksi) 

References:  6, 14 

SPL,  MN/m2  (ksi) 

References: 

G,  GN/m2  (10®  -j-i) 
References: 

Impact,  Charpy  V(Cv),  teod(l) 
Long.,  (0°)J(ft-lb)W  / 

r 

References: 

Trans.,  (90°)  J (ft  lb)<b>  ) 


Avg  58 
Mm  57 


Avg  124  (18) 

Min  97  (14) 


Sheet,  Normal,  J (ft-lb)(c^ 


(a)  Warp  direction  in  woven  cloth. 

(b)  Fill  direction  in  woven  cloth. 

(c)  Press  cure  direction. 

(1)  Sandwich  beam  data  not  include^. 

(2)  Essentially  linear  to  fracture. 

(3)  297  K data  may  be  used  conservatively  at  low  temperatures. 
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Boron-Aluminum 


Composite  Class:  Boron-Aluminum  1 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.47 

Nominal  ply  thickness:  0.180  mm  {0.007  in.) 


Type:  5.6  mil  Boron/6061 


Fiber:  5.6  mil  boron  on  tungsten 
Matrix:  6061  aluminum 
Nominal  density:  2.66  g/cm3  (0.095  lb/in.3) 
Comments:  F Temper,  diffusion  bonded 


Fatigue 

Load  orientation:  0°  (uniaxial) 
Load  direction,  tension-tension 


297  K (75  F) 


Frequency  30  Hz 
R = 0.1  Kt  = I 
Ref:  -13 


Fatigue  Cycles 


FIGURE  1 1.4.1-ME1.  FATIGUE  LIFECYCLE  FOR  BORON-ALUMINUM 


11.4.1-3(11/76) 


TABLE  11.4.1-TR1 


Composite  Class:  Bocon -Aluminum 


Specification: 

Layup:  Uniaxial  tape 

Nominal  fiber  volume  fraction:  0.4? 

Nominal  ply  thickness:  0.180  mm  (0.007  in.) 


Type:  5.6  mil  Boron/6061 


Fiber:  5.6  mil  boron  on  tungsten 
Matrix:  6061  Aluminum 
Nominal  density:  2.66  g/cm^  (0.095  lb/in.3) 
Comments:  F Temper,  diffusion  bonded 


Testing  Temperature,  K (F) 
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INDEX  TO  MATERIAL  CODES  FOR 
SECTION  12.0 


POLYMERS 

< 

MATERIALS  MATERIAL  CODE 


POLYETHYLENE  (PE) 

12.1.1 

POLYTETRAFLUOROETHYLENE  (PTFE) 

12.1.2 

POLYCHLOROTRIFLUOROETHYLENE  (PCTFE) 

12.1.3 

POLYMETHYLMETHACRYLATE  (PMM) 

12.2.1 

POLYSTYRENE  (PS) 

12.3.1 

POLYVINYLACETATE  (PVA) 

12.4.1 

TABLE  12.1.2-ME5 


Alloy  Des.gnation:  Polych'nrotrifluoroethylene  (PCTFE) 


Specification: 

Form: 

Thickness,  cm  (in.): 

Condition: 

Crystallinity,  percent:  67.6-70.0 


Testing  Temperature,  K (F) 


Efj,  GN/m*  psi)  Avg 

Min 

Ef2.  GN/m2  (i(6  psi)  Avg 

Mm 

No  of  Spec. 


Charpy,  V,  J (ft-ib)4/m 

(ft  lb/in ) 

No.  of  Spec. 

No.  of  Spec 

Izod,  J/m  (ft  lb/in.) 

No.  of  Spec. 


Avg  58.2  (1.10)  55.5  '1.r») 

Min  51.8  (0.93)  52.9  (1.00) 


58.2  (1.10)  65.6  (1.24) 

52.9  (1.00)  59.2  (1.12) 


References:  90205 
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TABLE  12.1.2  TR1 


Alloy  Designation: 


Polychlorotrifluoroethylene  (Kel-F) 


Specification: 

Form: 

Dimension: 

Condition : 

Amorphous 

Testing  Temperatura  K (F)  1 

273  (32) 

100  ( 280) 

50  (-37 0)  | 

20  (-423) 

10  (-442) 

Thermal  Conductivity 

Watts  m**  K'1 
Btu  hr'1  ft'1  F-1 

No.  of  Spec. 

Planets:  90205,96881 

Thermaf  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

No,  of  Spec. 

References:  94202 

Specific  Heat 

Joules  kg'^  K ^ 

Btu  lb'*  F"1 
No  of  Spec. 

References:  96881 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'* 

No.  of  Spec. 

References: 


70  ■■ 
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f 

f 


Thermal  Conductivity,  watts  m"1 


Temperature,  F 


Temperature,  K 


FIGURE  12.1. 1-C1.  THERMAL  CONDUCTIVITY  VERSUS  TEMPERATURE  FOR 
POLYCHLOROTRIFLUORDETHYLENE  (KEL-F) 
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73, 


ThermatConductivity,  Btu  hr  ft 


Specific  Heat,  joules  kg 
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Specific  Heat,  Btu  lb  F 


,rwi 


TABLE  12.1.3-TR1 


\> 


Alloy  Designation:  Polytetrafluoroethylene  (Teflon) 


Specification: 

Form: 

Dimension: 

Condition: 


Amorphous 


Testing  Temperature  K (F) 


273  (32) 

100  (-280) 

50  (-370) 

20  (-423) 

10  (-442) 

0 

1 

-1.48 

1 

-1.57 

1 

940 

380 

200 

75 

20.5 

(0.225) 

(0.0908) 

(0.0478) 

(0.0179) 

(0.00490) 

2 

2 

2 

2 

2 

(-452) 


Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr’1  ft'1  F'1 

No  cl  Spec 

References:  96881 


Thermal  Expansion  (T?73  to  T) 
Longitudinal 

Percent 

No  oi  Spec- 

References:  94202 


Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No  of  Spec. 

References:  94196,  94203 


Electrical  Resistivity 


Ohm  m 

Ohm  circular  mil  ft'1 

No  of  Spec. 

References: 


0.032 

1 


(0.018) 


2.2 

2 


(0  000526) 


Thermal  Conductivity,  watts 


Thermal  Conductivity,  Btu  hr  ft 


TABLF  12.1.3-MA1 


Polymer  Designation: 
Specification: 

Form: 

Diameter,  cm(in.): 
Condition: 


Polytetraf 'uo.  oethylene  (Teflon) 

Rod 
-1  (?) 

As  received,  with  treatment  in  boiling  aqua  regia  to  remove  surface  impurities 


Volume  Susceptibility  (k)*  as  a Function  of  Temperature  and  Field  Strength 


Temperature, 
K (F) 

Low 

Medium 

Infinite 

6.1  (-448) 

-105.0  x 10-7 

-106.9x10-7 

-108.8  x 10- 

16.8  (-429) 

-107.6  x 10-7 

-109.2x10-7 

-1 10.4  x 10- 

30.0  (-405) 

-109.5  x 10*7 

-1 10.4  x 10"  ' 

-111.4  x 10- 

48.8  (-372) 

-109.9x10-7 

-1 10.9  x 10-7 

-1 1 1.9  x 10- 

64.7  (-343) 

-110.2  x 10-7 

-1 1 1.0  x ID  7 

-1 1 1.9  x 10- 

81.7  (-312) 

-109.3  x 10  7 

-109.9  x 10-7 

-1 10.5  x 10- 

102.1  (-275) 

-109.6  x 10-7 

-110.1  x 10  7 

-1 10.7  x 10- 

152.5  (-185) 

-109.9  x 10-7 

-110.4  x 10-7 

-110.8  x 10- 

194.8  (-109) 

-110.1  x 10*7 

-109.8  x 10-7 

-1 10.9  x 10 

255.2  (-0.3) 

-110.1  x 10-7 

-110.3  x 10-7 

-1 10.5  x 10' 

292.0  (66) 

-1 10.0  x 10-7 

-110.1  x IQ'7 

-1 10.3  x 10- 

Note:  /^rnksa  ~?2.57  x 10" 7 for  all  values  of  k. 


Reference:  96890 


# in  mksa  units. 
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fffc.iKtg.fl/i  i 


Alloy  Designation:  Polymethylmethacrylate  (Plexiglas) 

Specification: 

Form: 

Dimension: 

Condition:  Amorphous 


Testing  Temperature  K (F) 

100  (-280) 

50  ( 370)  ! 

20  (423) 

■B 

Thermal  Conductivity 

Watts  m'1  K'1 
Btu  hr'1  ft*1  F*1 

No  qI  Spec 

References:  96872,96880, 
96889 

Therrrtl  Expansion  (T777  to  T) 
Longitudina1 

Percent 

No  of  Spec 

References: 

Specific  Heat 

Joules  kg'1  K'1 
Btu  lb'1  F'1 

No  of  Spec 

References:  94201,  94203 

Electrical  Resistivity 
Ohm  m 

Ohm  circular  mil  ft'1 

No.  of  Spec 

References: 

1280 

(0.306) 

2 

550 

(0.131) 

2 

275 

(0.0657)  , 

2 

79 

(0.0189) 

2 

22 

(0.00526) 

2 

0.052 

(0.030) 

4 

2.4 

(0.000574) 

1 

HO  < 
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Temperature , K 


FIGURE  12.2.1-SI.  SPECIFIC  HEAT  VERSUS  TEMPERATURE  FOR 
POLYMETHYLMETHACRYLATE  (PLEXIGLAS) 
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PS 


TABLE  12.3.1-TR1 


Alloy  Designation:  Polystyrene 


Specification: 

Form: 

Dimension: 

Condition: 


Amorphous 


Testing  Temperature  K (F) 


The  mal  Conductivity 

Watts  m'1  K"1 
Btu  hr1  ft*1  F'1 

No  o<  Spec 

References:  968/2,96880, 
96882 

Thermal  Expansion  (T273  to  T) 
Longitudinal 

Percent 

No  ot  Spec 

References:  96883 

Specific  Heat 

Joufes  kg1  K 1 
Btu  lb'1  F'1 

No.  of  Spec 

References:  94200,  94203 

Electrical  Resistivity 
Ohm  m 

Ohm  circulai  <•  :l  ft-1 

No  of  Spec 

References: 


273  (32) 

100  1-280) 

50  (-370) 

20  (-423) 

4 (-452) 

0.0266 

(0.0154) 

3 

0.00 

-1.00 

1.23 

-1.31 

-1.31 

-1.32 

1 

1 

1 

1 

1 

1 

1130 

455 

2 

102 
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Specification: 
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Dimension: 
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Thermal  Conductivity  ^ 

Watts  m ' K ^ 

Btu  hr1  ft'1  F-1 

No  ot  Spec. 
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Percent 
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Specific  Heat 
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No  ot  Spec. 

References: 


Electrical  Resistivity 
Ohm  m 

Ohm  circular  mi!  ft~^ 

No  of  Spec. 
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Molecular  Weight=105,000 
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or  your  order  will  be  manually  filled,  insur- 
ing a delay.  You  can  opt  for  airmail  delivery 
for  $2.00  North  American  continent:  $3.00 
outside  North  American  continent  charge  per 
item.  Just  check  the  Airmail  Service  box.  If 
you’re  really  pressed  for  time,  call  the  NTIS 
Rush  Handling  Service  (703  ) 5 '7-4700.  For  a 
$10.00  charge  per  item,  your  order  will  be 
airmailed  within  48  hours.  Or,  you  can  pick 
up  your  order  in  the  Washington  Informa- 
tion Center  & Bookstore  or  at  our  Springfield 
Operations  Center  within  24  hours  for  a 
$6.00  per  item  charge. 


You  may  also  place  your  order  by  tele- 
phone or  if  you  have  an  NTIS  Deposit  Ac- 
count or  an  American  Express  card  order 
through  TELEX.  The  order  desk  number  is 
(703)  557-4650  and  the  TELEX  number  is 
89-9405. 

Thank  you  for  your  interest  in  NTIS.  We 
appreciate  your  order. 


METHOD  OF  PAYMENT 

CD  Charge  my  NTIS  deposit  account  no. 

□ Purchase  order  no.  

[I  Check  enclosed  for  S . 


Q Bill  me.  Add  S5.00  per  order  and  sign  below.  (Not  avail- 
able outside  North  American  continent.) 

H Charge  to  my  American  Express  Card  account  number 

“i — r 


NAME  — 


ADDRESS- 


CITY.  STATF.  ZIP- 


